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Abstract 
The objectives of the study involve highlighting and diagnosing the 
hazards resultant from confined spaces in the, recently established Giad 
industrial City. Moreover, it aims at identifying and determining those 
locations whose entry requires special permit and, finally suggesting 
methods for minimizing the potential hazards in the study area. 
The Gas Alert Micro detector, a mobile highly sensitive detector, 
was used for measuring atmospheric concentrations of those gases of 
potential existence in the identified confined spaces. 
The results obtained revealed that no increase or decrease in the 
quantities of Oxygen, Carbon Monoxide or Hydrogen Sulfide. However, 
in some of the storage tanks the oxygen is below the standard level of 
19.5 % which imply that special permit has to be issued for entering those 
locations.  
An important recommendation of the study is to formulate a 
comprehensive plan for confined spaces safety within Giad City. This 
will include also conducting a hazcom study to ensure that all employees 
working in or around these confined spaces will be aware of the potential 
hazards.   
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   -:ﻣﺴﺘﺨﻠﺺ 
ﻓﻰ ﺗﺒﻴﺎن وﺗﺸﺨﻴﺺ اﻟﻤﺨﺎﻃﺮ اﻟﻨﺎﺟﻤﺔ  ﻋﻦ اﻻﻣﺎآﻦ  أهﺪاف هﺬﻩ اﻟﺪراﺳِﺔ ﺗﺘﻠﺨﺺ
اﻟﻤﻘﺘﺼﺮة ﻓﻲ ﻣﺪﻳﻨﺔ ﺟﻴﺎد اﻟﺼﻨﺎﻋﻴﺔ اﻟﻜﺒﺮي ، اﻟﻤﻨﺸﺎة ﺣﺪﻳﺜﺎ ، ﻟﻠﻤﺴﺆﻟﻴﻦ ﻋﻦ اﻟﺼﺤﺔ اﻟﻤﻬﻨﻴﺔ 
ﻤﺠﻤﻊ وﻣﺨﺎﻃﺮهﺎ و ﺗﺤﺪﻳﺪ  واﻟﺴﻼﻣﺔ اﻟﺼﻨﺎﻋﻴﺔ و ﺗﺤﺪﻳﺪ أﻣﺎآﻦ ﺗﻮاﺟﺪ ﺗﻠﻚ اﻻﻣﺎآﻦ اﻟﻤﻘﺘﺼﺮة ﻓﻰ اﻟ
اﻟﻤﻮاﻗﻊ اﻟﺘﻰ ﻳﺘﻄﻠﺐ دﺧﻮﻟﻬﺎ ﺗﺼﺮﻳﺤﺎ آﻤﺎ ﺗﺸﻤﻞ اﻻهﺪاف اﻳﻀﺎ اﻗﺘﺮاح ﻃﺮق ووﺳﺎﺋﻞ ﻟﺘﻘﻠﻴﻞ او 
  . ﺗﻔﺎدي اﻟﻤﺨﺎﻃﺮ اﻟﻤﺤﺘﻤﻠﺔ ﻓﻲ ﺗﻠﻚ اﻟﻤﻨﻄﻘﺔ اﻟﺼﻨﺎﻋﻴﺔ
وهﻮﻋﺒﺎرة ﻋﻦ آﺎﺷﻒ ﺟﻮال ذو ( rotceted orciM trelA saG )ﺟﻬﺎزﺳﺘﺨﺪام إﺗﻢ 
 اﻟﻤﻘﺘﺼﺮة ﺑﻤﺠﻤﻊ ﻷﻣﺎآﻦﻟﻌﺪة  ﻏﺎزات ﻳﺤﺘﻤﻞ وﺟﻮدهﺎ  ﻓﻲ اﺣﺴﺎﺳﻴﺔ ﻋﺎﻟﻴﺔ ﻟﻘﻴﺎس اﻟﺘﺮآﻴﺰ اﻟﺠﻮي 
  .ﺟﻴﺎد اﻟﺼﻨﺎﻋﻰ 
اﻧﻪ ﻻﻳﻮﺟﺪ زﻳﺎدة اوﻧﻘﺼﺎن  ﻓﻲ ﻧﺴﺒﺔ ﻏﺎز اﻻآﺴﺠﻴﻦ او آﺎﻧﺖ ﻣﺤﺼﻠﺔ ﻧﺘﺎﺋﺞ ﺗﻠﻚ أﻟﺪراﺳﺔ 
ﻟﻜﻦ ،   ﻋﻦ ﺗﻠﻚ اﻟﺤﺪود اﻟﻤﺴﻤﻮح ﺑﻬﺎ ﻋﺎﻟﻤﻴﺎ اﻟﻬﻴﺪروﺟﻴﻦ  و آﺒﺮﻳﺘﻴﺪأّول أآﺴﻴﺪ اﻟﻜﺎرﺑﻮنزﻳﺎدة ﻓﻰ 
ﻓﻲ ﺑﻌﺾ اﻟﺨﺰاﻧﺎت  % ( 5.91) ﺒﻪ اﻻآﺴﺠﻴﻦ ﻋﻦ اﻟﺤﺪ اﻟﻤﺴﻤﻮح ﺑﻪ ﺗﻤﺖ ﻣﻼﺣﻈﺔ ﻧﻘﺺ ﻓﻰ ﻧﺴ
  .أﻻﻣﺮ اﻟﺬى ﻳﺘﻄﻠﺐ اﻟﺤﺼﻮل ﻋﻠﻲ اذن دﺧﻮل ﻣﺴﺒﻖ 
ﻣﺪﻳﻨﺔ ﺟﻴﺎد  ﻟﻠﺘﻌﺮﻳﻒ ﺑﺎﻻﻣﺎآﻦ اﻟﻤﻘﺘﺼﺮة ﻓﻰ ﺔ ﺷﺎﻣﻠ ﺧﻄﺔ وﺿﻊﻓﻲﺗﺘﻤﺜﻞ أهﻢ ﺗﻮﺻﻴﺎت اﻟﺪراﺳﺔ   
اﻟﺬﻳﻦ ﺟﻤﻴﻊ اﻟﻤﻮﻇﻔﻴﻦ ﻋﻠﻰ ﻧﺤﻮ ﺗﻤﻜﻦ (  )moczah وﺿﻊ ﺧﻄﺔ ﺗﺜﻐﻴﻔﻴﺔ ﻓﻰ ﻣﺠﺎل اﻟﺴﻼﻣﻪ و
  ﻋﻠﻰ ﺗﻔﺎدي  واﻟﻌﻤﻞ اﻻﺧﻄﺎر اﻟﻤﺤﺘﻤﻠﺔاﻟﻤﻘﺘﺼﺮة ﻣﻦ ﻣﻌﺮﻓﺔ  اﻷﻣﺎآﻦ  ﺗﻠﻚ ﻳﻌﻤﻠﻮن ﻓﻲ أو ﺣﻮل
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                                                    1: Introduction  
1:1 General  
A recurring site of both fatal and nonfatal accidents in industry is 
the confined space .Confined spaces occur across the spectrum of 
industry potentially any structure in which people work could be or 
become a confined space the term ''confined space'' normally is used to 
indicate danger in a particular structure or work space. The term confined 
space actually describes hazardous conditions that can occur in a work 
space rather than the work space itself. The enigma of confined space is 
that under some condition particular workspace may pose no 
extraordinary hazard yet following seemingly minor change the condition 
becomes life threatening. On the other hand the interior of some 
structures poses serious hazard under almost all conditions, the dangers 
are easily recognizable and these space receive recognition and attention 
in other space, hazardous conditions develop can be equally serious, yet 
receive no recognition and this explains the difficulty in managing the 
hazards posed by confined space. 
  The hazardous conditions may be transient and subtle and therefore 
difficult to recognize and to address. Also the attributes of the space can 
exacerbate the hazards. Accidents involving confined space claim victims 
across industry, agriculture, and the home, some time these accidents 
produce multiple fatalities in accidents involving hazardous atmospheres 
Individuals, some time attempt to assist those in distress, the highly 
stressful conditions under which these action occur subject the intervener 
to considerable greater risk than the initial victim would be .Rescuers 
comprise a sizable proportion of the victims in this type of accident. 
  Accidents associated with confined spaces or confined hazardous 
atmospheres differ from those occurring in normal workspace. A minor 
error or oversight in 
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Preparation of the space selection or maintenance of equipment  or work 
activity can produce a fatal out come . 
 Accidents involving atmospheric hazards in confined space are 
more likely to cause multiple fatalities than those occurring in normal 
workplace situations while most of the victims understandably are trades 
people who work in confined space, they also include engineering and 
technical people and supervisors and managers. Safety supervisors and 
superintendents also may die in these accidents First aid attendants and 
emergency response personnel in the fire and ambulance services may 
also die in rescue attempts.  
 Many workplaces contain spaces that are considered to be 
“confined” because their configurations hinder the activities of employees 
who must enter into, work in or exit from them. In many instances 
employees who work in confined spaces also face increased risk of 
exposure to serious physical injury from hazards such as entrapment, 
engulfment and hazardous atmospheric conditions. Confinement itself 
may pose entrapment hazards and work in confined spaces may keep 
employees closer to hazards such as machinery components than they 
would be otherwise. For example confinement, limited access and 
restricted airflow can result in hazardous conditions that would not 
normally arise in an open workplace.(1) 
Until recently the industrial hygiene profession has had little formal 
involvement with the characterization and assessment of hazards posed 
by confined space and confined hazardous atmospheres. The industrial 
hygiene literature of the past and present contains few technical articles 
on this subject.  
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1:2 Objectives: 
The objectives of this study include  
• Formally involving  industrial hygienists in the characterization of 
hazards caused  by those confined spaces in the newly constructed ,  
huge  industrial city of  Giad    
• Identifying the confined spaces and their relative hazards and  defining 
those requiring  permit for their entrance    
• Proposing ways and means for eliminating  or at least reducing the 
possible hazards in that industrial area      
 
 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
2:Literature Review 
2:1 Description of confined spaces: 
There are confined spaces in many industrial workplaces; many of 
these confined spaces pose unique problems due to their contents and/or 
configuration. Some confined spaces for example pose entrapment 
hazards for entrants, while others restrict air circulation so that hazardous 
atmospheres may accumulate. Confinement itself can increase the risk of 
injury or death by making employees work closer to hazards than they 
would otherwise. Accident investigators have long recognized and 
directed employer and employee attention to the special dangers of 
confined spaces.(3) 
A confined space is defined as that one which is large enough or so 
configured that an employee can bodily enter and perform work, has 
limited or restricted means for entry or exit and is not designed for 
continuous employee occupancy. 
Applicable Rules of Occupational Safety and Health Administration of 
(OSHA) states that  employees required to enter into confined or enclosed 
spaces shall be instructed as to the nature of the hazards involved, the 
necessary precautions to be taken, and in the use of protective and 
emergency equipment required. The employer shall comply with any 
specific regulations that apply to work in dangerous or potentially 
dangerous areas. (4) 
Another definition made by the National Institution Of Safety& Health  
(NIOSH) 
Defines a confined space as one that, by design has limited openings for 
entry and exit, unfavorable natural ventilation that could contain or 
produce dangerous air contaminants, and is not intended for continuous 
employee occupancy. Confined spaces include but are not limited to 
storage tanks, compartments of ships, process vessels, pits, silos, vats, 
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wells, sewers, digesters, degreasers, reaction vessels, boilers, ventilation 
and exhaust ducts, tunnels, underground utility vaults, and pipelines. 
Confined spaces can be found in many industrial settings, from steel mills 
to paper mills, from shipyards to farms, and from public utilities to the 
construction industry. The hazards associated with confined spaces can 
cause serious injury and death to workers. Two major factors lead to fatal 
injuries in confined spaces: 
• failure to recognize and control the hazards associated with 
confined spaces  
•  inadequate or incorrect emergency response. 
 The emergency response is usually a spontaneous reaction to an 
emergency situation and can lead to multiple fatalities. 
2:2 classification of confined space: 
Confined space may by classified into two main categories: 
(a) open-topped enclosures with depths that restrict the natural movement 
of air (e.g., degreasers, pits, selected types of tanks and excavations). 
(b) Enclosures with limited openings for entry and exit (e.g., sewers, 
tanks and silo). 
The hazards found in any confined space are determined by the material 
being stored or used, by the process taking place inside the space, and by 
the effects of the external environment. Worker entry into confined 
spaces may occur during construction activities or during frequent 
necessary functions such as inspection, repair or maintenance. For 
purpose of discussion, hazards in confined spaces are separated into 
atmospheric hazards and physical hazards. Figure (2:1)  illustrates 
examples of common types of confined spaces  
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Figure(2:1) common types of confined spaces in GIAD complex 
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As it was defined before a confined space has limited or restricted 
means of entry or exit, is large enough for an employee to enter and 
perform assigned work and  is not designed for continuous occupancy.  
2:2:1 Limited Openings for Entry and Exit: 
Confined space openings are limited primarily by size or location. 
Openings are usually small in size, perhaps as small as 18 inches in 
diameter. An access door or portal that is too small to allow an employee 
to walk upright and unimpeded through it is considered to be limited 
access or exit. These small openings may make it very difficult to get 
needed equipment in or out of the spaces. Confined spaces can be 
hazardous, and they can be hazardous in varied ways. Oftentimes the 
confined space will not appear to be hazardous; it may have been entered 
on prior occasions without incident and may give no apparent sign of 
danger. At other times there may be ready indications of danger: the 
distinct odor of irritating or toxic atmospheres, the presence of arcing 
electrical equipment, continued mild shocks, or flowing grain or sand. By 
their nature, confined spaces concentrate hazards: atmospheric hazards, in 
that certain gases will displace breathable air, or that the confined space 
will allow the accumulation of toxic hazards or flammable or explosive 
atmospheres; and physical hazards, in that confined spaces limit the 
ability to avoid contact with electricity, moving mechanical components 
or machinery, or unstable substances. Recognition of the inherent 
capacity of these spaces to harbor hazardous agents is a significant 
element in any workplace hazard assessment. When confined spaces are 
recognized to be hazardous, provisions for minimizing the need for entry 
and for use of appropriate work practices and equipment can be made. 
Access to open-topped spaces may require the use of ladders, hoists or 
other devices. Escape from such areas may be very difficult in emergency 
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situations. Ladders and temporary, movable, spiral or articulated stairs are 
usually considered limited or restricted means of egress. Fixed industrial 
stairs that meet OSHA standards must be considered limited or restricted 
means of egress when the conditions or physical characteristics of the 
space, in light of the hazards present in it, would interfere with the 
entrant’s ability to exit or be rescued in a hazardous condition. A space 
has limited or restricted means of entry or exit if an entrant’s ability to 
escape in an emergency would be hindered. 
Most confined spaces are not designed for workers to enter and 
work in them on a routine basis. They are designed to store a product, to 
enclose materials and processes, or to transport products or substances. 
The distance an employee must travel in a space such as a tunnel to reach 
a point of safety can be a determinant for classifying as space as a 
confined space. Therefore, occasional worker entry for inspection, 
maintenance, repair, cleanup or similar tasks is often difficult and 
dangerous due to chemical, distance or physical hazards within the space. 
A confined space found in the workplace may have a combination of the 
above characteristics, which can complicate working in and around these 
spaces, as well as hamper rescue operations during emergencies. NIOSH 
developed a classification scheme for atmospheric hazards in confined 
spaces, which is based on the oxygen content of the air, the flammability 
characteristics of gases or vapors, and the concentration of toxic 
substances that may be present in a confined space (5) 
Confined spaces can be fatal 
Each year, people are killed in a wide range of confined spaces, 
from storage vessels, to complex industrial equipment. Many of these 
fatalities occur when attempting to rescue another person in a confined 
space. Additionally, people can be seriously injured from other hazards 
found within confined spaces. 
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2:3 Identification of confined space: 
Confined spaces can by identified through some of these typical examples 
as follows : 
2:3:1 Tanks 
Tanks are types of confined workspace commonly found in 
industrial .They are used for a variety of purposes, including the storage 
of water, chemicals, etc. Tanks require entry for cleaning and repairs. 
Ventilation is always a problem. Oxygen deficient atmospheres, along 
with toxic and explosive atmospheres created by the substances stored in 
the tanks, present hazards to workers. Heat is another problem in tanks 
and  may cause heat prostration, particularly on a hot day. Since electrical 
line cords are often taken into the tank, the hazard of electrical shock is 
always present. The nature of the tank's structure often dictates that 
workers must climb ladders to reach high places on the walls of the tank. 
2:3:2 Silos 
A variety of silos are found on the industrial  jobsite on various 
silos, workers must enter these silos to perform a number of functions. 
Several hazards exist when a person is required to enter a filled or 
partially-filled upright concrete or oxygen-limiting silo. Several different 
gases are produced during the ensilage process and as forages undergo 
fermentation. The most dangerous gas produced in the fermentation 
process is nitric oxide which, when combined with oxygen, produces 
nitrogen dioxide commonly referred to as "silo gas" In high 
concentrations, silo gas can kill a farmer after a short exposure. 
2:3:3 Manholes 
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Throughout the industrial site, manholes are commonplace. As 
means of entry into and exit from vaults, tanks, pits, and so forth, 
manholes perform a necessary function. However, these confined spaces 
may present serious hazards which could cause injuries and fatalities. A 
variety of hazards are associated with manholes. To begin with, the 
manhole could be a dangerous trap into which the worker could fall. 
Often covers are removed and not replaced, or else they are not provided 
in the first place. 
2:3:4 Vaults: 
A variety of vaults are found on the industrial  jobsite on various 
vaults, workers must enter these vaults to perform a number of functions. 
The restricted nature of vaults and their frequently below grade location 
can create an assortment of safety and health problems. Oxygen-Deficient 
Atmosphere One of the major problems confronting industrial workers 
while working in vaults is the ever present possibility of an oxygen-
deficient atmosphere. 
Explosive or Toxic Gases, Vapors, or Fumes 
While working in an electrical vault, workers may be exposed to the 
build-up of explosive gases such as those used for heating (propane). 
Welding and soldering produce toxic fumes which are confined in the 
limited atmosphere. 
Electrical shock is often encountered from power tools, line cords, 
etc. In many instances, such electrical shock results from the fact that the 
contractor has not provided an approved grounding system or the 
protection afforded by ground-fault circuit interrupters or low-voltage 
systems. 
Purging 
In some instances, purging agents such as nitrogen and argon may 
enter the vault from areas adjacent to it. These agents may displace the 
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oxygen in the vault to the extent that it will asphyxiate workers almost 
immediately. 
Materials Falling In and On A hazard normally considered a problem 
associated with confined spaces is material or equipment which may fall 
into the vault or onto workers as they enter and leave the vault. Vibration 
could cause the materials on top of the vault to roll off and strike workers. 
If the manhole covers were removed, or if they were not installed in the 
first place, materials could fall into the vault, causing injury to the 
workers inside. 
2:3:6 Condenser Pits 
A common confined space found in the construction of nuclear 
power plants is the condenser pit. Because of their large size, they are 
often overlooked as potentially hazardous confined spaces. These below-
grade areas create large containment areas for the accumulation of toxic 
fumes, gases, and so forth, or for the creation of oxygen-deficient 
atmospheres when purging with argon, Freon, and other inert gases. 
Other hazards will be created by workers above dropping equipment, 
tools, and materials into the pit. 
2:3:7 Pipelines   
One of the most frequently unrecognized types of confined spaces 
encountered throughout the construction site is the pipelines. Piping of 
sixteen to thirty-six inches in diameter is commonly used for a variety of 
purposes. For any number of reasons, workers will enter the pipe. Once 
inside they are faced with potential oxygen-deficient atmospheres, often 
caused by purging with argon or another inert gas. Welding fumes 
generated by the worker in the pipe, or by other workers operating 
outside the pipe at either end, subject the worker to toxic atmospheres. 
The generally restricted dimensions of the pipe provide little room for the 
workers to move about and gain any degree of comfort while performing 
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their tasks. Once inside the pipe, communication is extremely difficult. In 
situations where the pipe bends, communication and extrication become 
even more difficult. Electrical shock is another problem to which the 
worker is exposed. 
Ungrounded tools and equipment or inadequate line cords are some of the 
causes. As well, heat within the pipe run may cause the worker to suffer 
heat prostration. 
 
 
2:3:8 Ventilation Ducts 
Ventilation ducts, like pipe runs, are very common at the 
construction site. These sheet metal enclosures create a complex network 
which moves heated and cooled air and exhaust fumes to desired 
locations in the plant. Ventilation ducts may require that workers enter 
them to cut out access holes, install essential parts of the duct, etc. 
Depending on where these ducts are located, oxygen deficiency could 
exist. They usually possess many bends, which create difficult entry and 
exit and which also make it difficult for workers inside the duct to 
communicate with those outside it. Electrical shock hazards and heat 
stress are other problems associated with work inside ventilation ducts. 
2:3:9 Sumps 
Sumps are commonplace they are used as collection places for 
water and other liquids. Workers entering sumps may encounter an 
oxygen-deficient atmosphere. Also, because of the wet nature of the 
sump, electrical shock hazards are present when power tools are used 
inside. Sumps are often poorly illuminated. Inadequate lighting may 
create an accident situation. 
2:3:10 Containment Cavities 
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These large below-grade areas are characterized by little or no air 
movement. Ventilation is always a problem. In addition, the possibility of 
oxygen deficiency exists. As well, welding and other gases may easily 
collect in these areas, creating toxic atmospheres. As these structures near 
completion, more confined spaces will exist as rooms are built off the 
existing structure. 
2:3:11 Electrical Transformers 
Electrical transformers are located on the jobsite they often contain 
a nitrogen purge or dry air. Before they are opened, they must be well 
vented by having air pumped in. Workers, particularly electricians and 
power plant operators, will enter these transformers through hatches on 
top for various work-related reasons. Testing for oxygen deficiency and 
for toxic atmospheres is mandatory. 
2:3:12 Heat Sinks 
These larger pit areas hold cooling water in the event that there is a 
problem with the pumps located at the water supply to the plant--
normally a river or lake--which would prevent cooling water from 
reaching the reactor core. When in the pits, workers are exposed to 
welding fumes and electrical hazards, particularly because water 
accumulates in the bottom of the sink. Generally, it is difficult to 
communicate with workers in the heat sink, because the rebar in the walls 
of the structure deaden radio signals. 
Unusual Conditions 
Confined Space Within a Confined Space by the very nature of 
construction, situations are created which illustrate one of the most 
hazardous confined spaces of all-a confined space within a confined 
space. 
This situation appears as tanks within pits, pipe assemblies or vessels 
within pits, etc. In this situation, not only do the potential hazards 
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associated with the outer confined space require testing, monitoring, and 
control, but those of the inner space also require similar procedures. 
Often, only the outer space is evaluated. When workers enter the inner 
space, they are faced with potentially hazardous conditions. A good 
example of a confined space within a confined space is a vessel with a 
nitrogen purge inside a filtering water access pit. Workers entering the pit 
and/or the vessel should do so only after both spaces have been evaluated 
and proper control measures established.(4) 
Hazards In One Space Entering Another Space during an examination of 
confined spaces in construction, one often encounters situations which are 
not always easy to evaluate or control. For instance a room or area which 
classifies as a confined space may be relatively safe for work. However, 
access passages from other areas outside or adjacent to the room could, at 
some point, allow the transfer of hazardous agents into the ''safe''  one. 
One such instance would be a pipe coming through a wall into a 
containment room. Welding fumes and other toxic materials generated in 
one room may easily travel through the pipe into another area, causing it 
to change from a safe to an unsafe workplace. A serious problem with a 
situation such as this is that workers working in the "safe" area are not 
aware of the hazards leaking into their area. Thus, they are not prepared 
to take action to avoid or control it 
2:4  Reasons for entering confined spaces:  
Confined spaces are normally entered to perform necessary industrial 
tasks. The list below represents some typical reasons for entering 
confined spaces. 
• Cleaning to remove waste or sludge 
• Physical inspection of plant or equipment 
• Installing pumps, motors or other equipment 
• Maintenance work painting, sand blasting or applying surface coatings 
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• Reading of meters, gauges or dials 
• Repair work (e.g. welding or cutting) 
• Installing, repairing or inspecting cables (e.g. telephone, electrical or 
hazard which may exist in permit-require confined space   fiber optic) 
• Tapping, coating or testing of piping systems (e.g. steam, water or 
sewage) 
• Constructing a confined space (e.g. industrial boiler) 
• Rescuing people who are injured or overcome by fumes 
Yet regardless of why confined spaces are entered, all hazards should be 
thoroughly assessed prior to any persons entering.  The work activities 
undertaken in a confined space are often indicative of the hazards which 
may be present. For example, the use of hazardous substances can bring 
about hazards such as oxygen deficiency, atmospheric contaminants or 
flammable atmospheres. Similarly, hazards may arise from work 
processes being carried out, storage of substances, process by-products or 
the effect of external environments.  (6) 
2:5 Hazards in Confined Spaces : 
2:5:1 General 
Many workplaces contain spaces configured is such a way to be 
considered “confined.” Confinement itself may pose entrapment hazards. 
Working in a confined space may keep employees closer to hazards. 
For example, confinement, limited access or restricted airflow can result 
in hazardous conditions that would not arise in an open workplace. 
Hazards of Confined Spaces can be summarized in : 
1-Atmospheric 
2-Physical Configuration 
3-Mechanical 
4-Electrical 
5-Thermal 
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6-Noise 
7-Engulfment or Entrapment 
     8- Other Chemical Hazards: 
• Chemical contamination of surfaces 
• Routes of entry (skin absorption, eye contact, ingestion, 
injection) 
• Fire & Explosion• Asphyxiation• Entrapment• Slips & Falls 
• Noise & Vibration• Chemical Exposure•  Chemical Burns 
Among the above hazards , hazardous atmosphere are the most 
commonly encountered , the following are detailed & information on this 
item  
Fatalities and injuries constantly occur among workers who, during the 
course of their jobs, are required to enter confined spaces. In some 
circumstances, these workers are exposed to multiple hazards, any of 
which may cause bodily injury, illness, or death. Newspaper and 
magazine articles abound with stories of workers injured and killed from 
a variety of atmospheric factors and physical agents. Throughout the 
jobsite, contractors and workers encounter both inherent and induced 
hazards within confined workspaces. 
Inherent hazards, such as electrical, thermal, chemical, mechanical, 
etc., are associated with specific types of equipment and the interactions 
among them. 
Examples include high voltage (shock or corona discharge and the 
resulting burns), radiation generated by equipment, defective design, 
omission of protective features (no provision for grounding non-current-
carrying conductive parts), high or low temperatures, high noise levels, 
and high-pressure vessels and lines (rupturing with resultant release of 
fragments, fluids, gases, etc.). Inherent hazards usually cannot be 
eliminated without degrading the system or equipment, or without 
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making them inoperative. Therefore, emphasis must be placed on hazard 
control methods. 
Induced hazards arise, and are induced from, a multitude of incorrect 
decisions and actions that occur during the actual process. Some 
examples are: omission of protective features, physical arrangements that 
may cause unintentional worker contact with electrical energy sources, 
oxygen-deficient atmospheres created at the bottom of pits or shafts, lack 
of safety factors in structural strength, and flammable atmospheres. 
2:5:2 Hazardous Atmospheres 
Many substances have short-term exposure limits, in addition to 8-
hour time weighted average exposure limits. The permit-required 
confined space rule is intended to protect against short-term acute 
hazards. Exposures at or below the permissible exposure limits do not fall 
under the permit-required confined space rule. Any substance that is not 
capable of causing death, incapacitation, impairment of ability to self-
rescue, injury or acute illness due to health effects is not covered by the 
rule. The atmosphere in a confined space may be extremely hazardous 
because of the lack of natural air movement. This characteristic of 
confined spaces can result in: 
1. oxygen-deficient 
2. flammable  
3. toxic atmospheres. 
Hazardous atmosphere are normally defined by that Flammable gas, 
vapor, or mist in excess of 10 percent of its lower flammable limit, 
airborne combustible dust at a concentration that meets or exceeds its 
LFL, atmospheric oxygen concentration below 19.5 percent or above 23.5 
percent, concentration of a substance capable of causing death, 
incapacitation, impairment of ability to self-rescue, injury, or acute illness 
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in excess of its PEL or other known safe level. And  any other 
atmospheric condition that is immediately dangerous to life or health. 
Atmospheric hazard normally occur with  previously stored chemicals, 
products, Leaks/spills, Infiltration , Chemical reactions, Operations 
conducted within the space, Inerting  with nonflammable products(7). 
The unsafe oxygen level is that one deviated from  The air we 
breathe which consists mostly of nitrogen (78%), oxygen (21%) and 
small amounts of other assorted gasses including argon, carbon dioxide 
and hydrogen. In order to function normally, the oxygen we breathe must 
fall within a ‘safe’ range of no less than 19.5% and no more than 23.5%. 
The health effects of oxygen deficient atmospheres are extensive, ranging 
from poor respiration and fatigue, to cardiac arrest and death. An 
abundance of oxygen in the air will make combustible materials easier to 
ignite and burn. Figure (2:2)shows the Oxygen deficiency levels. 
 
 
Figure (2:2) The levels of oxygen  
Oxygen levels inside a confined space may fall below a ‘safe’ level 
(19.5%) due to chemical or biological reactions. Situations which may 
bring these reactions, and thus oxygen deficiency, include: 
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• combustion of flammable substances (such as welding, heating or 
cutting); 
• slow bacterial reactions of organic substances (eg. the contents of a 
sewerage pit   or a fermenting wine vat); 
• reaction of inorganic substances (e.g. rust forming on the inside of a 
ship or pontoon); 
• oxygen being absorbed by materials (e.g. grain in silos); 
• displacing oxygen with another gas (e.g. nitrogen used to remove 
flammable or toxic fumes); and 
• high oxygen consumption rate (e.g. many people working in a small 
confined space). 
Simple asphyxiants are gases which when present in an atmosphere 
in high concentrations, lead to a reduction of oxygen by displacement or 
dilution. Most simple asphyxiants are odourless and include gases such as 
acetylene, hydrogen, methane, propane, helium and nitrogen.  Low 
oxygen levels can cause asphyxiation. Symptoms of asphyxiation include 
increased breathing and pulse rate, faulty judgment, fatigue, nausea and 
vomiting, loss of consciousness and death. At concentrations below 6% 
oxygen, death will occur in minutes.(6) 
A major cause of oxygen-enriched atmospheres relates to poorly designed 
or maintained oxygen storage equipment. Leakage can occur from 
oxygen lines, pipes, and fittings and thus, inadvertently enrich the 
atmosphere. Some industrial processes can also bring about excess 
oxygen, such as improper use of oxy-propane welding equipment.  High 
oxygen levels support combustion. In conjunction with combustible or 
explosive materials, the risk of fire and explosion is increased in oxygen 
enriched atmospheres (6) .Figure (2:3) illustrates Decision tree for 
confined space entry.(7) 
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Figure (2:3) Decision tree for confined space entry 
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Flammable/Explosive Gas, Vapor, Mist Hazardous if it exceeds 10% of 
its lower flammable limit (LFL)Lower flammable limit (LFL), or lower 
explosive limit (LEL), is the lowest concentration of air-fuel mixture at 
which a gas or vapor can ignite. 
Upper flammable limit (UFL), or upper explosive limit (UEL), is 
the highest concentration of air-fuel mixture that can be ignited 
An atmosphere becomes flammable and explosive when a mixture of 
oxygen and flammable material is present in the proper proportions. If an 
ignition source is also present combustion (burning) of the atmosphere 
occurs. Some circumstances which lead to explosive and flammable 
atmospheres are listed below as seen in Figure(2:4) 
Source :  Occupational Safety and Health  Administration (OSHA 
) 
 
 
 
Figure(2:4) Upper and lower explosive limits. 
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In order for a gas or vapour to become flammable, its concentration 
must fall within its particular ‘explosive range.’ For example, the 
explosive range of methane is 5% to 15% in air. This means that below 
5% (its lower explosive limit, LEL) the methane/air mixture is too lean to 
explode. Similarly, concentrations above 15% (its upper explosive limit, 
UEL) are too rich to support combustion. See Figure 2. 
In confined spaces, a common source of explosive atmospheres is residue 
left over in “empty” tanks or containers. Although the container may 
appear to be completely empty, small quantities of flammable liquid can 
become trapped and evaporate to form an explosive air-vapour mix. Even 
if the tank is open-topped, vapours which are heavier than air (such as 
petrol) can sink to the bottom and create an explosive atmosphere. Other 
processes that can form an explosive air-vapour mix in confined spaces 
include: 
          • spray painting; 
 • cleaning with solvents or liquids; 
 • applying some surface coatings; 
 • leaking material from pipes, fittings or valves; 
chemical reactions which produce flammable gases or vapors. 
Combustible dusts can often be found in a variety of confined spaces 
including storage bins, process hoppers and grain silos. Normally, the 
dust will form during the processing of this material or the loading and 
unloading of it. Should the dust be of sufficient concentration, an 
explosive atmosphere could be formed. 
Ignition sources provide enough heat energy to ignite a flammable or 
explosive atmosphere. An ignition source can be a spark, a flame or just a 
hot surface. Ignition sources commonly found, or introduced, into 
confined spaces include: 
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 • open flames, such as welding torches or cigarette lighters; 
 • electrical arcing from incorrectly installed wires or electrically 
overloaded    fittings; 
 • hot surfaces, such as steam lines, heaters or exposed light bulbs; 
 • static electricity sparks (e.g. as generated by synthetic clothing); 
 • frictional sparks (e.g. a metal tool striking another object); 
 • a spark or heat produced by non-intrinsically safe electrical 
equipment (e.g. a mobile phone, radio, flashlight, wristwatch or 
pager ) 
There are many different types of toxic gases that can be found in 
confined spaces. Their sources and physical characteristics vary, but they 
all share one common thread  potential harm to individuals who enter a 
hazardous atmosphere in enclosed areas.  
There are two categories of toxic gases Irritants& asphyxiates. Irritants 
many gases existing in low concentrations in the air are irritating to the 
body's respiratory and nervous systems. When inhaled, they cause the 
mucous linings of the lungs and sinuses to swell, sometimes so severely 
that the respiratory tract closes, causing strangulation. Except under 
extreme conditions, the body normally recovers after exposure to toxic 
gases has been stopped. In higher concentrations, irritants can become 
asphyxiating gases.  
Asphyxiantsan  asphyxiant is any gas that, when present in a high enough 
concentration, causes displacement of oxygen in the body. 
Carbon  Monoxide is one of the most common asphyxiants. Produced 
by the incomplete combustion of carbon fuels, carbon monoxide kills by 
chemically combining with the hemoglobin in red blood cells. This 
greatly reduces the ability of the blood to carry oxygen to body tissues 
and brain cells. As seen below in table (2:1)   
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Table (2:1) Carbon Monoxide Exposure Effects 
CARBON MONOXIDE EXPOSURE EFFECTS 
35 ppm: Permissible Exposure Limit during an eight-hour 
shift. 
500 ppm: Slight headache. 
1000 
ppm: 
Confusion, nausea, discomfort. 
2000 
ppm: 
Tendency to stagger. 
2500 
ppm: 
Unconsciousness after a 30-minute exposure. 
4000 
ppm: 
Fatal in less than one hour. 
Source :  Occupational Safety and Health  Administration (OSHA 
) 
 
Hydrogen sulfide is even more toxic than carbon monoxide. 
It is produced through the decay of organisms and natural 
materials. This colorless gas has a characteristic rotten egg odor at 
first; however, within a short time the gas paralyzes the olfactory 
nerve, which controls the sense of smell. A worker may be lulled 
into a false sense of security because he/she no longer smells the 
substance, yet it is causing serious bodily harm (higher 
concentrations). (8). Table (2.2) shows Hydrogen Sulfide Exposure 
Effects. 
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Table (2.2) Hydrogen Sulfide Exposure Effects 
HYDROGEN SULFIDE EXPOSURE EFFECTS 
10 ppm: Permissible Exposure Limit during an eight-
hour period. 
50-100 ppm: Mild eye and respiratory irritation. 
200-300 ppm: Marked increase in eye and lung irritation. 
500-700 ppm: Unconsciousness or death after a 30-minute 
exposure. 
1000 or more 
ppm: 
Death within minutes. 
Source :  Occupational Safety and Health  Administration (OSHA 
) 
 
Substances of a hazardous nature may be present in a confined 
space. These substances may be introduced for use in the confined space 
or generated by a process being conducted in or near the confined space. 
If a substance being used is classified as a hazardous substance, the 
substance’s material safety data sheet (MSDS) must be available and 
should be referred to for safe use of the substance.  Substances may be 
   
 
 
 
24
present in a confined space in various forms including dusts, vapors 
,gases, fumes and mists 
Substances of a hazardous nature in a confined space can arise from 
• the work processes being undertaken (e.g. the use of solvents, 
adhesives, and degreasing agents may produce vapors ; welding 
producing fumes and gases; use of acid cleaning solutions or spray 
painting producing mists; or a process which disturbs solid 
materials may produce dusts); 
• the storage or transfer of materials in a confined space, such as 
sewerage or grain; 
• spills or leakage from pipes, fittings or machinery, including those 
from adjacent or underground sources releasing toxic or flammable 
gases; 
• disturbing materials such as sludge; 
• chemical reactions between substances present in the confined 
space atmosphere; 
• exhaust gases from pumps or other machinery used in or near 
confined spaces; 
• gasses in sewers and storm water drains. 
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The principal route of exposure to a substance hazardous to health in a 
confined space is likely to be through inhalation of atmospheric 
contaminants. However, ingestion of a substance through hand to mouth 
contact and absorption of the substance through the skin contact is also 
possible. 
Because of the limited ventilation in confined spaces, substances tend to 
build up in the atmosphere more quickly and reach higher concentrations 
than when in use outside a confined space. For example, the carbon 
monoxide released from a forklift into the atmosphere of a cold room will 
build up easily and reach a higher concentration than the same forklift 
operating in an outside distribution yard. Therefore, the risk of injury and 
illness is significantly increased when using or producing substances in 
confined spaces. 
The National Occupational Health and Safety Commission (NOHSC) in 
their document Exposure Standards for Atmospheric Contaminants in the 
Occupational Environment, set out levels of exposure to atmospheric 
contaminants above which adverse health effects are expected. The 
exposure standards are expressed as time weighted averages (TWA), 
short-term exposure limits (STEL) and peak exposure limits (PEAK). 
People at work must not be exposed to atmospheric concentrations 
greater than the exposure standard for that substance. However, because 
of the increased risk of injury and illness in a confined space, exposure to 
all atmospheric contaminants should be reduced to as low as reasonably 
practicable, even if they are already below the exposure standard.  A 
person’s senses do not provide a reliable indication of concentration of 
atmospheric contaminants. As an example, carbon monoxide is a 
colourless, odourless and tasteless gas and exposure to high 
concentrations can be fatal.  Most simple asphyxiants, such as methane 
and nitrogen do not have exposure standards. This is because they present 
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a risk to health by displacement or dilution of oxygen, rather than from 
exposure to the substance. This does not apply to carbon dioxide, which 
can have toxic effects at concentrations that do not cause asphyxiation.(6) 
2:5:3 Physical hazards 
Falling objects present a hazard, particularly to people working in 
open topped spaces or when work is carried out above people. In a silo, 
grain or other material may have stuck to the wall, and may become 
dislodged in a solid mass, potentially injuring anyone working inside the 
confined space. 
When working in access holes located in roadways or footpaths there is a 
risk of pedestrians falling into the hole, items being thrown into the hole 
and motorists colliding with people working in and around access holes. 
The lighting levels within a confined space may not be adequate to work 
safely. 
Awkward or vertical entry points may introduce hazards such as falling 
from height. Small or awkward spaces may restrict movement and 
encourage sustained and awkward postures. This risk may be increased if 
equipment or machinery is to be used in the confined space. 
2:5:4Engulfment 
Materials stored in or around confined spaces (e.g. sawdust, grains 
or soil) can surround, trap and engulf a person within seconds. Often the 
victim is unaware of this hazard, when a seemingly solid surface gives 
way under their weight. As the person tries to escape, their movement 
only draws them deeper into the material. Once engulfed, the pressure 
exerted on the person’s body makes breathing difficult or impossible. 
Once this supply of oxygen is cut off, death can occur within four 
minutes. 
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A specific type of engulfment hazard occurs when material is being 
drawn out from the bottom of a storage bin. As the material flows from 
the bottom outlet, a funnel-like depression forms throughout the material. 
Should a person be trapped in this depression, engulfment and complete 
burial may occur within seconds. 
A similar type of engulfment hazard is known as bridging. This 
hazard occurs when storing moist or powdery materials such as 
agricultural products or cement. Over time, a hard crust can build up on 
top of confined spaces such as silos, hoppers or storage bins. When 
material is emptied from the bottom of the space, the bridge can easily 
give way under a person’s weight without warning. 
Engulfment may also occur if a cavity forms witthe material. 
2:5:5 Mechanical Hazards 
If activation of electrical or mechanical equipment would cause 
injury, each piece of equipment should be manually isolated to prevent 
inadvertent activation before workers enter or while they work in a 
confined space. The interplay of hazards associated with a confined 
space, such as the potential of flammable vapors or gases being present, 
and the build-up of static charge due to mechanical cleaning, such as 
abrasive blasting, all influence the precautions which must be taken. 
To prevent vapor leaks, flashbacks, and other hazards, workers 
should completely isolate the space. To completely isolate a confined 
space, the closing of valves is not sufficient. All pipes must be physically 
disconnected or isolation blanks bolted in place. Other special precautions 
must be taken in cases where flammable liquids or vapors may  
recontaminate  the confined space. The pipes blanked or disconnected 
should be inspected and tested for leakage to check the effectiveness of 
the procedure. Other areas of concern are steam valves, pressure lines, 
and chemical transfer pipes. A less apparent hazard is the space referred 
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to as a void, such as double walled vessels, which must be given special 
consideration in blanking off and inerting. 
Plant and mechanical equipment, such as augers, conveyers and 
pumps, are commonly found in confined spaces. Such machinery presents 
the risk to workers of entanglement, cutting, crushing or other acute 
injuries if not adequately guarded. 
Isolation of power supply to plant hazards 
Power supply to plant which could adversely affect the health or safety of 
workers inside a confined space must be isolated before anyone enters the 
confined space. For example, a sweep auger which could become 
energised, or machinery to dispense grain into a silo, must be isolated 
before entry to the silo. 
2:5:6 Electrical hazards 
Contact with electrical sources can result in a variety of adverse 
health effects including: 
(a) burns and scalds as heat passes through body tissue; 
(b) involuntary muscle contraction - when a person cannot let go of the 
object until      the energy source is cut; 
(c) ventricular fibrillation - when the body receives a severe electric 
shock, the heart muscles begin to quiver and fail to pump blood 
throughout the body; 
(d) cardiac arrest - full stoppage of the heart; and 
(e) pulmonary arrest - when nerves in the brain controlling breathing are 
damaged, causing inability to breathe. 
In addition to the above health effects, electrical contact within a confined 
space presents other unique hazards. For example, should a person 
experience a sudden jolt from an electric shock, they could be easily 
injured from contact with a wall or other object within the confined 
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space. When working on ladders, scaffolding or elevated work platforms, 
electric shocks can also lead to a serious fall. 
2:5:7 Thermal hazards 
Thermal stress - working in hot environments can adversely affect 
workers through the onset of heat related illness such as cramps, 
exhaustion and heat stroke. For example, steam cleaning the inside of a 
confined space will increase the risk of heat stress. At the other extreme, 
low temperature confined spaces can lead to reduced mental alertness, 
hypothermia and frostbite 
2:5:8 Noise hazards 
Noise levels can be amplified within a confined space. This can 
increase a person’s exposure, reducing the length of time they are able to 
work without hearing protection. Further, noise can inhibit 
communication between people working in a confined space. 
Noise problems are usually intensified in confined spaces because 
the interior     tends to cause sound to reverberate and thus expose the 
worker to higher sound levels than those found in an open environment. 
This intensified noise increases the risk of hearing damage to workers 
which could result in temporary or permanent loss of hearing. Noise in a 
confined space which may not be intense enough to cause hearing 
damage may still disrupt verbal communication with the emergency 
standby person on the exterior of the confined space. If the workers inside 
are not able to hear commands or danger signals due to excessive noise, 
the probability of severe accidents 
2:5:9 Biological hazards 
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People working in confined spaces may be exposed to biological 
hazards (e.g. grain silos can harbour bacteria and fungi that can cause 
adverse health effects).There may be a risk of exposure to zoonotic 
diseases from animals living in confined spaces (e.g. psittacosis from 
pigeon droppings). 
Infectious diseases may also be present in the contents of confined space 
 2:5:10 Psychological hazards 
Any one or combination of the above hazards when working in a 
confined space can induce psychological factors such as stress and 
claustrophobia.Vibration 
Whole body vibration may affect multiple body parts and organs 
depending upon the vibration characteristics. Segmental vibration, unlike 
whole body vibration, appears to be more localized in creating injury to 
the fingers and hands of workers using tools, such as pneumatic 
hammers, rotary grinders or other hand tools which cause vibration. 
2:5:10 Radiation hazards 
        Naturally occurring radioactive material (NORM) or low specific 
activity (LSA) scale can be detected in certain crude oil, ballast and slop 
systems. The radioactivity originates in the formation water at the well 
and results in radioactive scale in pipelines, which can be carried through 
to storage. 
 
2:6 Permit & Non Permit Required Confined Space:  
The employer must determine the hazard potential of a 
confined space by asking these four additional questions about the 
space to determine if it is permit-required. 
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A permit-required confined space means a space that has one or 
more of the following characteristics: 
• Contains or has the potential to contain a hazardous atmosphere. 
• Contains a material that has the potential for engulfing an entrant. 
• Has an internal configuration such that an entrant could be trapped 
or asphyxiated by inwardly converging walls or by a floor which 
slopes downward and tapers to a smaller cross-section or 
• Contains any other recognized serious safety or health hazard. 
If the space meets any of the four criteria, then the space has a 
“high hazard potential” and is a permit-required confined space. A permit 
system must be implemented according  Occupational Safety and Health  
Administration (OSHA ) 
If all four criteria can be answered no then the confined space is not 
considered permit-required and a permit system is not required for a 
space. 
These questions are generally applied to any hazards inherent in 
the space or hazards in the surrounding area that may affect 
conditions in the confined space. If entrants are to bring hazardous 
materials into the space (e.g., welding gear, chemical cleaners, 
paints) then a non-permit-required confined space may be 
temporarily  
Non-Permit Space means a confined space that does not 
contain or, with respect to atmospheric hazards, have the potential 
to contain any hazard capable of causing death or serious physical 
harm. Examples include: vented vaults, motor control cabinets, and 
dropped ceilings. Although they are "confined spaces", these 
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spaces have either natural or permanent mechanical ventilation to 
prevent the accumulation of a hazardous atmosphere, and they do 
not present engulfment or other serious hazards. 
In general, employers must evaluate the workplace to determine if 
spaces are permit or not permit-required confined spaces. (See Decision 
Flow chart) Employer’s knowledge of the space, provided that the 
information is adequate to make the correct classification of the space. 
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If there are permit spaces in the workplace, the employer must 
inform exposed employees of the existence, location, and danger posed 
by the spaces. This can be accomplished by posting danger signs or by 
another equally effective means. The following language, or other similar 
language, would satisfy the requirements for such a sign: Alternative 
methods, such as additional training, may be used where they are truly 
effective in warning all employees who could reasonably be expected to 
enter the space. This requirement can be met in a number of ways. A 
space can combine permanent closing, placing physical barriers on the 
space such as bolting and locking the space with supplemental training, 
and posting of the space. It is the employer’s obligation to ensure that 
alternative methods are at least as effective as a sign. In some cases, 
employers may have to provide training in addition to signs, to protect 
employees who do not speak English or who have difficulty 
understanding or interpreting signs. If a space has a locked entry cover, 
panel or access door that can only be opened with special tools, signs may 
be unnecessary if the employer ensures that all affected employees are 
informed about the space and know that it is not to be opened without 
taking proper precautions, including temporary signs, to restrict 
unexpected or unknowing entry. 
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2:7 Precautions and personal protective equipment: 
2:7:1 Respiratory Protection 
In the Respiratory Protection program, hazard assessment and 
selection of proper Respiratory PPE is conducted in the same manner as 
for other types of  PPE. In the control of those occupational diseases 
caused by breathing air contaminated with harmful dusts, fogs, fumes, 
mists, gases, smokes, sprays, or vapors, the primary  objective shall be  
prevent atmospheric contamination. This shall be accomplished as far as 
feasible by accepted engineering control measures (for example, 
enclosure or confinement of the operation, general and local ventilation, 
and substitution of less toxic materials). When effective engineering 
controls are not feasible, or while they are being instituted, appropriate 
respirators shall be used.(9) 
Respirators are needed to protect against the inhalation of 
dangerous substances (vapors, fumes, dust, gases). They can also provide 
a separate air supply in a very hazardous situation. Some of health 
hazards that respirators prevent include Lung damage ,Respiratory 
diseases, Cancer and other illnesses. 
 
2:7:1:1Respiratory Protection Responsibilities: 
 a. The employer is responsible for: 
• Providing training in the use and care of respirators. 
• Ensuring that equipment is adequate, sanitary, and reliable. 
• Allowing employees to leave area if ill, for breaks, and to obtain parts. 
• Fit testing. 
• Providing annual medical evaluations. 
• Providing a powered air-purifying respirator (PAPR) if an employee 
cannot wear a tight-fitting respirator.(4) 
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b. The employee is responsible for: 
• Properly using respirators. 
• Maintaining respirator properly. 
• Reporting malfunctions. 
• Reporting medical changes. 
c. The following responsibilities apply: 
• Supervision of respirator selection process and procedures 
• Establishment of respiratory protection training sessions 
• Establishment of a continuing program of cleaning and inspections 
• Establishment of medical screening program 
• Establishment of issuing procedures 
• Establishment of periodic inspections 
• Continuing evaluation of all aspects of the respiratory protection 
program to assure continued effectiveness 
• Establishment of annual fit tests procedures Any questions or 
problems concerning respirators or their use should be directed to 
the Program Administrator 
 
2:7:1:2 Selection of Respiratory Protection 
When choosing the correct respiratory protection for the work 
environment, it is important to consider: 
• Identification of the substance or substances for which respiratory 
protection is 
necessary 
• A substance's material safety data sheet (MSDS) (it will state which 
type of respirator is most effective for the substance) 
• Activities of the workers 
• Hazards of each substance and its properties 
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• Maximum levels of air contamination expected 
• Probability of oxygen deficiency 
• Period of time workers will need to use the respiratory protection 
devices 
• Capabilities and physical limitations of the device used 
 
2:7:1:3Types of Respirators : 
The following is a description of different types of respirators. 
a. Commonly Used Respirators (air purifying) as per figure( 2:1): 
• Disposable Dust masks are worn over the nose and mouth to protect the 
respiratory system from certain nuisance dusts, mists, etc. They can only 
provide protection against particular contaminants as specified by the 
manufacturer (e.g., general dust, fiberglass, etc.). These dust masks 
cannot be fit tested, and are generally single use. They are not generally 
recognized as proper respiratory protection and may not be worn if a 
potential for overexposure exists. They are not included in most 
companies’ Respiratory Protection Programs. 
• Half-Face Respirators with interchangeable filter cartridges can 
protect the 
respiratory system from hazardous dusts, fumes, mists, etc. They can only 
provide 
protection against certain contaminants up to limited concentrations 
specified by the manufacturer for the particular cartridge type used (e.g., 
toluene, acetone). These generally operate under negative pressure within 
the respirator which is created by the wearer's breathing through the filter 
cartridges. As the protection is only gained if there is a proper seal of the 
respirator face piece, this type requires fit testing prior to respirator 
assignment and a fit check prior to each use. 
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• Full-Face Respirators operate under the same principle and 
requirements as the 
half-face type, however, they offer a better face piece fit and also protect 
the wearer's eyes from particularly irritating gases or vapors. 
• Full-face, helmet or hood type powered air purifying respirators 
(PAPRs) 
operate under positive pressure inside the face piece using a battery 
operated motor 
blower assembly to force air through a filter cartridge into the wearer's 
breathing 
zone. Use of these respirators is also subject to the manufacturers' 
guidelines. 
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(a)  Disposable Dust 
 
 (b) Half-Face Respirators 
 (c) Self-Contained Breathing Apparatus 
 (d) Full-Face Respirators 
 
 
Figure(2.1) Commonly Used Respirators 
 
b. Less Commonly Used Types Respirators (Air Supplying) 
• Air-Line Respirators supply clean air through a small diameter hose 
from a 
b 
a
c d 
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compressor or compressed air cylinders. The wearer must be attached to 
the hose at 
all times, which limits mobility. Use of these respirators is subject to the 
manufacturers' guidelines. 
• Self-Contained Breathing Apparatus (SCBA) respirators supply clean 
air from a compressed air tank carried on the back of the wearer. These 
types of respirators are highly mobile and are used primarily for 
emergency response or rescue work, since only a limited amount of air 
can be supplied by a single tank, generally 20-60 
minutes. Units must be thoroughly inspected on a monthly basis and 
written records must be kept of all inspections, operator training, etc. Use 
of these respirators is subject to the manufacturer's guidelines. 
Even a tiny gap between the respirator and the face can allow 
contaminants to enter. Respirators should be comfortable and properly 
fitted. Proper fit includes: 
• Secure but not too tight 
• No slipping or pinching 
• Allowance for head movement and speech 
An OSHA-accepted qualitative fit test or quantitative fit test must 
be performed prior to an employee using any tight-fitting respirator. 
Tight-fitting respirators must be seal checked before each use by using : 
• positive or negative pressure 
• check procedures or the manufacturer's instructions. 
• Wear a Respirator 
• Respirator fit is essential.  
Employees must have a medical checkup to make sure they can 
wear respirators safely. Generally, respirators cannot be worn when a 
person: 
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• Wears glasses or personal protective equipment that interferes with the 
seal of the face piece to the face of the user. 
• Has facial hair that comes between the sealing surface of the face piece 
and the face or interferes with valve function. 
• Has a breathing problem, such as asthma. 
• Has a heart condition and  Is heat sensitive. 
2.7.2 Lockout & Ta gout 
General  
Sometimes work must be performed on equipment, pipelines, and 
machinery that may contain moving parts, pressurized gases or liquids, 
electrical energy, or other hazards. Contact with any of these may result 
in injury or death. 
Lockout means to install a locking device that keeps the switch, 
valve, or other mechanism from being turned on or opened.  
Tag out means to put a tag on the locking device. The tag indicates 
danger or warring  , along with a brief message. It has a place to put the 
date and person’s name who locked out the equipment so that he or she 
may be easily found or notified. 
They are many type of lockout such as : 
  Lockout Device - Padlocks, combination locks, or other methods 
(such as disconnecting conductors or removing fuses), which will 
effectively prevent unexpected or inadvertent energizing of a designated 
circuit or release of equipment or machinery. These devices shall not be 
used for other purposes, and shall include a means to indicate the identity 
of the employee applying the device.  
Tag out device  a prominent warning tag capable of being securely 
attached that provides a warning not to use the equipment. The tag should 
include: reason for tag, name of person placing the tag and how that 
person may be contacted, and date the tag was placed. Tags must be 
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durable and able to withstand the environment to which they are exposed 
for the maximum time exposure is expected. These tags shall not be used 
for other purposes. 
Authorized (Qualified) employees are the only ones certified to 
lock and tag out equipment or machinery. Whether an employee is 
considered to be qualified will depend upon various circumstances in the 
workplace. It is likely for an individual to be considered "qualified" with 
regard to certain equipment in the workplace, but ''unqualified'' as to other 
equipment. 
An employee who is undergoing on-the-job training has 
demonstrated an ability to perform duties safely at his or her level of 
training and who is under the direct supervision of a qualified person, is 
considered to be "qualified" for the performance of those duties.  
Affected employees are those employees who operate machinery 
or equipment upon which lockout or tagging out is required under this 
program. Training of these individuals will be less stringent in that it will 
include the purpose and use of the lockout procedures. other employee 
are identified as those that do not fall into the authorized, affected or 
qualified employee category. Essentially, it will include all other 
employees. These employees will be provided industrial  in what the 
program is and not to touch any machine or equipment when they see that 
it has been locked or tagged out. 
All maintenance employees and department supervisors will be 
trained to use the lock and tag out procedures. The training will be 
conducted by the supervisor or safety coordinator at time of initial hire. 
Retraining shall be held at least annually. The training will consist of the 
following: 
• Review of General Procedures. 
• Review of Specific Procedures for machinery, equipment and processes. 
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• Location and use of Specific Procedures. 
• Procedures when questions arise. 
Servicing or maintenance workplace activities such as 
constructing, adjusting installing, setting up, , inspecting, modifying, 
maintaining or servicing machines or equipment, including lubrication, 
cleaning or unjamming of machines or equipment, and making 
adjustments or tool changes, where employees could be exposed to the 
unexpected energization or startup of the equipment or release of 
hazardous energy. 
A. Protective Materials and Devices 
1. Locks 
2. Self-locking fasteners 
3. Chains 
4. Wedges 
5. Key blocks 
6. Adapter pins 
7. Lockout devices: hasp, single pole breaker, multiple pole 
breaker, 
universal plug, ball valve, and gate valve 
8. Tags 
B. Identification and Use of Devices 
All lockout/tag out devices shall be identified and used only for the 
purposes they are intended for. 
• Durable lockout/tag out devices shall be capable of withstanding 
the environment in which they are used. 
• Tags shall be capable of withstanding weather, damp locations, and 
corrosive environments. 
C. Uniformity all lockout/tag out devices shall be uniform in color, shape, 
or size. 
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D. Removal Only the installer shall remove lockout/tag out devices. 
E. Lockout Procedures Preference 
Lockout procedures shall be used in preference to tag out procedures 
where 
possible. Lockout / Tag out  
Energy Control 
Preparation for Lockout or Tag out A survey of every departmental work 
area needs to be conducted to locate and identify all isolating devices to 
be certain which switch(s), valve(s) or other energy isolating devices 
apply to the equipment to be locked or tagged out. More than one energy 
source (electrical, mechanical, or others) may be involved. A list of this 
equipment is kept in the supervisor’s office. 
7:2:3 Basic Rules for Using Lockout or Tag out Procedure 
1. Elements and Actions 
a. Make employees aware of the type and magnitude of hazardous 
energy. 
b. All effected employees shall be informed of the physical locations of 
energy isolating devices. 
c. All equipment shall be locked out or tagged out to protect against 
accidental or inadvertent operation when such operation could cause 
injury to personnel. Do not attempt to operate any switch, valve, or 
other energy-isolating device when it is locked or tagged out. 
2. Lockout/Tag out of Energy Isolating Devices 
• Only trained and authorized employees shall affix energy isolating 
devices. 
• Devices are to be affixed in such a manner that it will hold the 
energy isolating devices in a “safe” or “off” position. 
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• Where tag out devices are used, the energy isolating devices is to 
be fastened at the same point at which a lock would have been 
attached. 
• If a tag cannot be affixed directly to the energy-isolating device, it 
should be located where it will be immediately obvious to potential 
operators. 
• Whenever major replacement, repair, renovation, or modification 
of 
machines or equipment is performed and whenever new machines 
or 
equipment are installed, energy isolating devices shall be designed 
to 
accept a lockout device. 
3. Stored Energy 
a. After lockout or tag out devices have been applied, stored energy or 
residual energy shall be relieved, disconnected, restrained, and otherwise 
rendered safe whenever possible. 
b. If re-accumulation of stored energy to a hazardous level can take place, 
verification or isolation shall continue when service or maintenance is 
being performed until work is completed. 
c. Prior to servicing or maintaining machines or equipment, employees 
must verify that energy isolation and de-energization of the machines or 
equipment have been accomplished. 
4. Lockout or Tag out System Procedure 
a. Notify all affected employees that a lockout or tag out system is going 
to be utilized and the reason for it. 
b. If the machine or equipment is operating, shut it down by normal 
stopping procedure (depress stop button, open toggle switch, etc.). 
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c. Operate the switch, valve, or other energy isolating device(s) so that 
the equipment is isolated from its energy source(s). Stored energy (such 
as that in springs, elevated machine members, rotating flywheels, 
hydraulic systems, and air, gas, steam, or water pressure, etc.) must be 
dissipated or restrained by methods such as repositioning, blocking, 
bleeding down, etc. Specific details on how this stored energy is released 
will be provided to the employee during the training program. 
d. Lockout and/or tag out the energy isolating devices with assigned 
individual lock(s) or tag(s). e. Caution after ensuring that no personnel 
are exposed, and as a check on having disconnected the energy sources, 
operate the push button or other normal operating controls to make 
certain the equipment will not operate. If the equipment may be operated 
from a remote station or computer control system, the authorized 
employee MUST verify that the equipment will not start remotely. 
f. Return operating control(s) to “neutral” or “off” position after the test. 
g. The equipment is now locked out or tagged out. 
5. Restoring Machines or Equipment to Normal Production Operations 
a. Before removing lockout or tag out devices from machines and 
equipment, authorized employees must take certain precautions. 
• After the service and/or maintenance is completed and equipment 
is ready for normal production operations, inspect the area around 
the machines or equipment to ensure that nonessential items are 
removed. 
• Check the work area to verify that all persons have been safely 
positioned or removed. 
• Before removing lockout or tag out devices, notify all affected 
persons. 
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b. Before lockout and tag out devices are removed and energy is restored, 
procedures shall be taken by authorized employees to ensure the 
following: 
• After all tools have been removed from the machine or equipment, 
guards have been reinstalled, and employees are in the clear, 
remove all lockout or tag out devices. The locks or tags should be 
removed only by the person who attached them. Operate the energy 
isolating devices to restore energy to the machine or equipment. 
• If the person who owns the lock has left the facility and the 
equipment is locked out, the following procedures should be 
followed: 
Lockout / Tag out  
i . Management will verify that the employee who applied the device is 
not at the facility. 
ii. If the person who owns the lock cannot be reached, the department 
manager must determine if it is safe to remove the lock. He/she must also 
inspect the machine 
or equipment and determine if it is safe to start-up. 
iii. Management will inform the employee who owns the lock that it has 
been removed before they return to work. 
C. Group Lockout and Tag out Procedure 
Lockout/Tag out will be reviewed with all personnel affected or 
authorized by the group lockout/tag out before implementation of that 
job. 
1. When servicing or maintenance of equipment or machinery is 
performed by more than one employee, a procedure shall be used to 
afford each employee a level of protection equivalent to that provided by 
personal lockout or tag out. 
2. Group requirements shall include, but are not limited to, the following: 
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• One authorized employee will be designated as responsible for the 
lockout/tag out under a group program with one employee having 
an operations lock. 
• The authorized employee must ascertain the exposure level of 
individual 
group members and coordinate the lockout-tag out to ensure that all 
control 
measures are applied and that there is a continuity of protection for the 
group. 
• Each authorized employee will affix the lockout or tag out device 
to the 
group lockout. Each lock must have that person’s name affixed to it. Each 
authorized employee will remove their lockout or tag out device when 
they stop working on the equipment or machine being serviced. 
• If more than one individual is required to lockout or tag out 
equipment, 
each shall place his/her own personal lockout device or tag out device on 
the energy isolating device(s). 
• When an energy-isolating device cannot accept multiple locks or 
tags, a 
multiple lockout or tag out device (hasp) may be used. 
 
D. Shift Changes 
1. When a shift or personnel change occurs, the designated authorized 
employee 
should ensure the continuity of lockout or tag out protection. 
2. The designated authorized employee shall provide for the orderly 
transfer of 
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lockout or tag out devices between leaving and oncoming employees to 
minimize the risk to employees from stored energy. The authorized 
employee in charge of group lockout/tag out or an individual lockout/tag 
out will coordinate the change in shift and personnel. At a minimum, the 
following procedures must be completed: 
a. Change locks or tags. 
b. Retest to ensure deenergized state of equipment or machinery 
being 
serviced. 
c. Notify management of start-up and testing to be performed. 
d. Notify management of changes in the job that affects the lockout 
or tagout 
procedures. 
E. Outside Service or Contractor Personnel 
1. Outside personnel or contractors involved in operations relating to 
equipment 
or machinery lockout/tag out that affect our employees must submit their 
energy control procedures. 
2. Affected employees must be trained and notified as outlined  
3. The responsible manager for the affected area will ensure that outside 
personnel are affected employees are informed of the proper procedures. 
Annual Inspections 
1. An annual inspection of energy control procedures will be performed 
by an 
authorized employee other than the one(s) using the energy control 
procedure 
being inspected. 
2. The annual inspection shall be designed to correct any observed 
deviations or 
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inadequacies. 
3. Where lockout is being used for energy control, the annual inspection 
shall 
include a review between the inspector and each authorized employee and 
of 
that employee’s responsibilities under the energy control procedure being 
inspected. 
2:7:4 Training 
A. Essential Elements 
1. Each affected employee shall be instructed in the purpose and use of 
the energy control procedure. 
2. All other employees whose work operations are, or may, be in an area 
where 
energy control procedures may be used, shall be instructed about the 
procedure 
and about the prohibition relating to attempts to restart or reenergize 
machines 
or equipment which are locked out or tagged out. 
B. Tagging Limitations 
1. Inform employees that tags do not afford the same protection as a lock. 
2. Tags are not to be removed without the authorization from the installer. 
3. Tags must be legible and be made familiar to all employees whose 
work is 
affected or who may be in the affected areas. 
4. Tags and means of attachment must be capable of withstanding the 
environmental conditions of the workplace. 
5. Tag out device attachments shall be non-reusable and self-locking with 
a 
minimum unlocking strength.  
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6. Tags often evoke a false sense of security and their importance needs 
to be 
clearly understood by employees. 
 
2:8 Permitted Confined Space Entry Program 
The purpose for permit required space (PRCS) is provided to protect 
authorized employees that will enter confined spaces and may be exposed 
to hazardous atmospheres, engulfment in materials, conditions which may 
trap or asphyxiate due to converging or sloping walls, or contains any 
other safety or health hazards.  
Confined space entry permits must be completed before any 
employee enters a Permit-Required Confined Space. The permit must be 
completed and signed by 
an authorized member of management before entry. Permits will expire 
before the completion of the shift or if any pre-entry conditions change. 
Permits will be maintained on file for 12 months. 
Contractor Entry all work by non-company employees that involves the 
entry into confined spaces will follow the procedures of this program. 
The information of this program and specific hazards of the confined 
spaces to be entered will be provided contractor management prior to 
commencing entry or work. 
During all confined space entries the following safety rules must be 
strictly observed: 
• Only authorized and trained employees may enter a confined space 
or act as safety watchmen/attendants. 
• No smoking is permitted in a confined space or near entrance/exit 
area. 
• During confined space entries, a watchmen or attendant must be 
present at all times. 
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• Constant visual or voice communication will be maintained 
between the safety 
watchmen and employees entering a confined space. 
• No bottom or side entry will be made or work conducted below the 
level any hanging material or material which could cause 
engulfment. 
• Air and oxygen monitoring is required before entering any permit-
required confined space. Oxygen levels in a confined space must 
be between 19.5 and 23.5 percent. Levels above or below will 
require the use of an SCBA or other approved air supplied 
respirator. Additional ventilation and Oxygen Level monitoring is 
required when welding is performed. The monitoring will check 
Oxygen Levels, Explosive gas Levels and Carbon Monoxide 
Levels. Entry will not be permitted if explosive gas is detected 
above one-half the Lower Explosive Limit (LEL). 
• To prevent injuries to others, all openings to confined spaces will 
be protected by a barricade when covers are removed. 
2:9 Confined Space Duties & Responsibilities 
Entry supervisors are responsible for the overall permit space entry 
and must coordinate all entry procedures, tests, permits, equipment and 
other relevant activities the following entry supervisor duties are required. 
Know the hazards that may be faced during entry, including information 
on the mode, signs or symptoms, and consequences of the exposure. 
Verify by checking that the appropriate entries have been made on the 
permit, all tests specified by the permit have been conducted and that all 
procedures and equipment specified by the permit are in place before 
endorsing the permit and allowing entry to begin. Terminate the entry and 
cancel the permit when the entry is complete or there is a need for 
terminating the permit. Verify that rescue services are available and that 
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the means for summoning them are operable. Remove unauthorized 
persons who enter or attempt to enter the space during entry operations. 
Determine whenever responsibility for a permit space entry operation is 
transferred and at intervals dictated by the hazards and operations 
performed within the space that entry operations remain consistent with 
the permit terms and that acceptable entry conditions are maintained. 
At least one attendant is required outside the permit space into 
which entry is 
authorized for the duration of the entry operation. Responsibilities 
include: 
• To know the hazards that may be faced during entry, including 
information on the mode, signs or symptoms, and consequences of 
the exposure 
• To be aware of possible behavioral effects of hazard exposure on 
entrants 
• To continuously maintain an accurate count of entrants in the 
permit space and ensures a means to accurately identify authorized 
entrants 
• To remain outside the permit space during entry operations until 
relieved by 
another attendant (once properly relieved, they may participate in other 
permit 
space activities, including rescue if they are properly trained and 
equipped). 
• To communicate with entrants as necessary to monitor entrant 
status and alert entrants of the need to evacuate. 
• To monitor activities inside and outside the space to determine if it 
is safe for 
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entrants to remain in the space; orders the entrants to immediately 
evacuate if: the 
attendant detects a prohibited condition, detects entrant behavioral effects 
of 
hazard exposure, detects a situation outside the space that could endanger 
the 
entrants; or if the attendant cannot effectively and safely perform all the 
attendant 
duties. 
• To summon rescue and other emergency services as soon as the 
attendant 
determines the entrants need assistance to escape the permit space 
hazards. 
• To perform non-entry rescues as specified by that rescue procedure 
and entry 
supervisor and not to perform duties that might interfere with the 
attendants' 
primary duty to monitor and protect the entrants. 
Duties of the Person Authorizing or in Charge of the Entry 
The person who authorizer or is in charge of the permit entry 
confined must comply with the following:  
• Make certain that all pre-entry requirements as outlined on the 
permit have been completed before any worker is allowed to enter 
the confined space. 
• Make certain that any required pre-entry conditions are present. 
• If an in-plant/facility rescue team is to be used in the event of an 
emergency, make sure they would be available. If your Employer 
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does not maintain an in-plant rescue team, dial  on any telephone 
for the Rescue Squad. 
• Make sure that any communication equipment which would be 
used to summon either the in-plant rescue team or other emergency 
assistance is operating correctly. 
• Terminate the entry upon becoming aware of a condition or set of 
conditions whose hazard potential exceeds the limits authorized by 
the entry permit. 
 
If the person who would otherwise issue an entry permit is in charge of 
the entry and present during the entire entry, then a written permit is not 
required if that person uses a checklist as provided in the section on 
"Permits". This person may also serve as the attendant at the site. 
Special Considerations During A Permit Required Entry Certain 
work being performed in a permit entry confined space could cause the 
atmosphere in the space to change. Examples of this are welding, drilling, 
or sludge removal. 
In these situations, air monitoring of the confined space should be 
conducted on a continuous basis throughout the time of the entry. 
If the workers leave the confined space for any significant period of time, 
such as for a lunch or other break, the atmosphere of the confined space 
must be retested before the workers reenter the confined space. 
Take the following actions when unauthorized persons approach or 
enter a 
permit space while entry is under way: 
• Warn the unauthorized persons that they must stay away from the 
permit space advise unauthorized persons that they must exit 
immediately if they have entered the space, and  inform the 
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authorized entrants and the entry supervisor if unauthorized 
persons have entered the permit space. 
All entrants must be authorized by the entry supervisor to enter 
permit spaces, have received the required training, have used the proper 
equipment, and observed the entry procedures and permit requirements. 
The following entrant duties are required: 
Know the hazards that may be faced during entry, including 
information on the mode, signs or symptoms, and consequences of the 
exposure; Properly use the equipment required for safe entry; 
Communicate with the attendant as necessary to 
enable the attendant to monitor the status of the entrants and to enable the 
attendant to alert the entrants of the need to evacuate the space if 
necessary; Alert the attendant whenever; the entrant recognizes any 
warning signs or symptoms of exposure to a dangerous situation, or any 
prohibited condition is detected; and Exit the permit space as quickly as 
possible whenever the attendant or entry supervisor gives an order to 
evacuate the permit space, the entrant recognizes any warning signs or 
symptoms of exposure to a dangerous situation, the entrant detects a 
prohibited condition, or an evacuation alarm is activated. 
The following Safety Rules must be strictly enforced During all Confined 
Space Entries: 
Only Authorized and Trained Employees may enter a Confined Space or 
act 
as Safety Watchman/Attendant. 
• No Smoking is permitted in a Confined Space or near entrance/exit 
area. 
• During Confined Space Entries, a Watchman must be present at all 
times. 
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• Constant visual or voice communication will be maintained 
between the 
Safety Watchman/Attendant and Employees entering a Confined Space. 
• No bottom or side entry will be made or work conducted below the 
level of 
any hanging material or material which could cause engulfment. 
• Air and Oxygen Monitoring is required before entering any Permit-
Required 
Confined Space. Oxygen levels in a Confined Space must be between 
19.5 
and 23.5 percent. Levels above or below will require the use of an SCBA 
or 
other approved air supplied respirator. Additional ventilation and Oxygen 
Level 
Monitoring is required when welding is performed. The monitoring will 
check Oxygen Levels, Explosive Gas Levels and Carbon Monoxide 
Levels. Entry will not be permitted if explosive gas is detected above 
one-half the Lower Explosive Limit (LEL), or 10% of a specific gas 
explosive limit. To prevent injuries to others, all openings to Confined 
Spaces will be protected by a barricade when covers are removed. 
Confined Space Entry Procedures , each employee who enter or is 
involved in the entry must : 
• Understand the procedures for confined Space Entry. 
• Know the hazards of the specific space. 
• Review the specific procedures for each entry. 
• Understand how to use entry and rescue equipment. 
 
2:10 Training for confined space entry includes: 
   
 
 
 
59
• Duties of entry supervisor, entrant and attendants 
• Confined space entry permits 
• Hazards of confined spaces 
• Use of air monitoring equipment 
• First aid and CPR training 
• Emergency action & rescue procedures 
• Confined space entry & rescue equipment 
• Rescue training, including entry and removal from representative 
spaces 
 
 Employer is Responsible for Certain Training Requirements these 
are as follows:  
1.  General as an employer ,your employer must ensure that all workers 
who must enter a permit entry confined space in the course of their work 
are informed of appropriate procedures and controls for entry into such 
spaces. These workers must be made aware of the fact that an 
unauthorized entry could be fatal, and that their senses are unable to 
detect and evaluate the severity of atmospheric hazards. 
2. training for authorized entrants your employer must ensure that all 
authorized entrants know the emergency action plan and have received 
training covering the following subjects prior to entering any permit entry 
confined space: 
a. Hazard Recognition: Each worker must understand the nature of the 
hazard before entering and the need to perform appropriate testing to 
determine if it is safe to enter. 
b. Use of Personal Protective Equipment: Each employee must be taught 
the proper use of all personal protective equipment required for entry or 
rescue, and the proper use of protective barriers and shields. 
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c. Self Rescue: Each worker must be trained to get out of the confined 
space as rapidly as possible without help whenever an order to evacuate is 
given by the attendant, whenever an automatic evacuation alarm is 
activated, or whenever workers recognize the warning signs of exposure 
to substances that could be found in the confined space. They must also 
be made aware of the toxic effects or symptoms of exposure to hazardous 
materials he could encounter in the confined space. This includes 
anything that could be absorbed through the skin or which could be 
carried through the skin by any solvents that are used. They must be 
trained to relay an alarm to the attendant and to attempt selfrescue 
immediately upon becoming aware of these effects. 
d. Special Work Practices or Procedures: Each worker must be trained in 
any modifications of normal work practices that are necessary for permit 
entry confined space work.  
3. Training for persons authorizing or in charge of entry in addition to 
other requirements already covered, the person authorizing or in charge 
of entry shall be trained to recognize the effects of exposure to hazards 
that could be in the confined space. They must also carry out all duties 
that the permit assigns to them. 
4.Training for attendanny worker functioning as an attendant at a permit 
entry confined space must be trained in the company's emergency action 
plan, the duties of the attendant, and in; 
a. Proper use of the communications equipment furnished for 
communicating with 
authorized workers entering the confined space or for summoning 
emergency or 
rescue services. 
b. Authorized procedures for summoning rescue or other emergency 
services. 
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c. Recognition of the unusual actions of a worker which could indicate 
that they 
could be experiencing a toxic reaction to contaminants that could be 
present in the 
space. 
d. Any training for rescuers, if the attendant will function as a rescuer 
also. 
e. Any training for workers who enter the confined space, if the permit 
specifies that the duty of the attendant will rotate among the workers 
authorized to enter the confined space. 
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3: Methods and Tools  
3:1 The Study Area:  
The idea of GIAD was developed as integrated production 
industries and an integrated services complex. 
GIAD industrial city is located on the western bank of the Blue 
Nile , a distance of  50 KM south of Khartoum city in AL-Kamleen 
province , AL-Jazeera State , and the city's area is about 15 Sq.KM .One 
of the key area of this complex is Automotive sector dealing with 
Manufacturing of Trucks, cars and Tractors, heavy and medium trucks, 
inner and inter-cities buses, vans, and seni-transport, box and passenger's 
cars and agricultural implements. 
The Metal factories deal with heavy industry and providing 
construction materials such as the building iron ,angle iron, plate iron , 
sheet iron and all other iron profiles then providing the aluminum profiles 
utilized in the constructing operations of doors windows, house furniture , 
aluminum wires and various types of electricity connection cables: aerial 
transmission cable , ground cables, internal connections ,telephones wires 
and cables, and  the manufacturing of pipes with different measures for 
petroleum  and irrigation. 
The number of labor in the city is about 2,000 of the Single shift 
labor, and the number is expected to increase to about 3,000 in the future. 
The city is consisted of two zones, Industrial and Residential. 
The Industrial Complex :constitutes of three Major functional sectors 
Administrative sector , metal sector and automotive sector 
The Residential Complex : it consists of two complexes,  
AL-FURQAN and AL-RIDWAN CITY 
AL-FURQAN CITY: it is consisted of 400 residential units for the 
residence of the supreme administration, engineers and administrators. 
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Al-RIDWAN CITY : it is consisted of 800 residential units for the 
residence of the technicians and labors . As seen in figure (3:1) 
 
figure (3:1) show all GIAD factories (Google earth,2007) 
 
 
(1) Painting workshop 
(2) Aluminum plant 
(3) copper plant 
(4) Steel factory & rolling mill plant 
(5) Oxygen plant 
(6) Body making workshop 
 
 
1
2
3 4 
6
5 
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3:2 The Case Studies : 
Two areas were chosen as case studies location for this research , 
namely Steel & Rolling Mill Plant and the Painting Factory. Then the 
types and location of confined spaces at these factories were determined  : 
3:2:1 Steel Factory & Rolling the Plant  
It consists of a Melt shop with a capacity of 60.000 ton/year and  a 
25 tons/heat ladle capacity electric arc furnace for producing100-130 mm. 
square billets which are semi-finished material for the bar mill.  
 
A bar mill with capacity of 150.000 ton/year for bar mill and re-bar 
production from diameter 8 mm to 25 mm  and Built area :33055 m2. 
Technical specification :  
• The angles produced are from 25-3 to 50-3 mm 
• The flats from 16-3 to 60-10 mm  
The factory is  located  east of  GIAD Complex and its types of 
outside  confined space include furnace storage tanks ,Manholes  and  
sewer pump station , while the confined spaces inside the factory 
   
 
 
 
62
comprise the storage tank containing  gasoline  inside  ,as seen in figure 
(3:2) and (3:3) 
 
 
Figure (3:2)  example of confined in GIAD Furnace tank  
 
 
Figure (3:3)  example of confined in GIAD  Manhole 
 
3:2:2 Painting Workshop (B2) :  
   
 
 
 
63
This workshop covers an area of 8000 square meters and it is one 
of the most modern workshops. It uses modern machines of  Paints and 
the world’s most modern painting system (Acrylic Paint system)  
• Painting workshop is composed of two lines : 
1-The first line : intra-city and inter-city bus paints (tourist), mini-bus. 
Production is estimated to 500 units annually. This line is composed of 
five basic rooms : 
I -The first room : body cleaning and removing grease room. Here 
body of the bus is to be cleaned from all strange matters, rust and 
grease. 
II -The second room : base first paint room. Here basic material is 
to be painted to protect surface from rust and facilitates adhesion of 
second paint material. 
III -The third room : paste and leveling room. Here the hard, 
uneven surfaces are to be dealt with by using a paste and a planer. 
V -The fourth room : it is considered the second base room. Here 
positions treated in the third room to be based. 
IV -The fifth room : it is the final paint room. Here the final 
emulsion is to be painted so as to give the outer appearance of the 
product. 
2-The second line : Saloon car painting line : this line is for painting 
saloon cars and cabinets of trucks of different kinds. Productivity of this 
line is estimated to 12000 units annually. This line is considered one of 
the modern painting lines in the world with regards to machines and 
   
 
 
 
64
equipments used. Here the most modern surface treatment systems are 
used (dipping system) for removing grease and strange matters in 
addition to electric painting system.  
The factory is  located  west  of  GIAD Complex and its types of 
outside  confined space include manholes and  sewer pump station , while 
the confined spaces inside the factory comprise storage tank , as seen in 
figure (3:4) and (3:5) 
 
Figure (3:4) example of confined in GIAD paints  tanks  
 
 
Figure (3:5) example of confined in GIAD paints  Manhole 
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3:3 Methodology 
The plan of the study was developed after several reconnaissance 
visits to Giad industrial city in different sectors, the field visits helped in 
obtaining  the basic information's about the study which can be 
summarized as follows: 
• Gather all  information about GIAD industrial complex and go 
around the industrial area .Then get all information needed about 
confined space in GIAD Complex  
• Go around GIAD factories and identify all confined spaces at metal, 
automotives sectors  
• At this visit, inform engineer and employees about confined space 
and the hazardous atmosphere. Also I inform about permit required 
for  confined space area  
• Begin the test for the hazardous atmosphere in automotives sectors 
and we test less than ten tanks at this sector 
• complete the test in steel factory & rolling 
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• Take live photographs  for all confined space in GIAD factories 
 The study take place between 15/01/2008 to 15/03/2008.    
3:4 Methods and Tools :  
3:4:1 List of gases 
 The following gases are expected to be found in the studied confined 
area: 
I- Oxygen Deficiency 
II- Oxygen Enrichment 
III- Combustibles 
» Methane 
» Hydrogen 
» Acetylene 
» Propane 
IV- Toxic Materials 
» Carbon Monoxide 
» Hydrogen Sulfide 
To  test all these gases, the  gas alert micro detector was employed . The 
following is  a description of  this gas monitor  : 
3:4:2 Portable Gas Monitor  
The experimental work for this research was conducted using  the 
Gas Alert Micro multi-gas detector monitors for 2, 3 or 4 hazardous gases 
simultaneously and continuously combustibles, oxygen 
(deficiency/enrichment), hydrogen sulfide and carbon monoxide. The 
compact, lightweight Gas Alert Micro is Water and dust resistant, the Gas 
Alert Micro is designed to perform in the most adverse environments. 
The high-definition alphanumeric display shows all current conditions 
and advises when automatic functions take place. In the dark-the 
backlight illuminates automatically in low light conditions and in all 
alarm conditions. Ensuring the instrument is ready for use, Gas Alert 
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Micro tests all features and functions each time it is turned on. Sensors 
and circuitry integrity are also tested. Current alarm set points are 
displayed, the oxygen sensor is calibrated and all display elements and 
alarms are activated. 
It is to be noted that TWA is The Time Weight Average based on 
accumulated exposure to toxic gases averaged over a work day according 
to the regulations set by OSHA. 
 The specifications of  the instrument are as follows:  
Peak ppm, %LEL or % v/v Records peak exposure to gas and 
displays on demand 
Set points Displayed on activation (auto) 
General specifications 
 
Rugged, composite material with 
integral concussion-proof boot 
Operating temperature -20 to +50 °C 5% to 95% RH (non-
condensing) 
Humidity 5% to 95% RH (non-condensing 
Weight 211 g (7.4 oz.) 
Instrument Dimensions 6 x 10 x 3.3 cm 211g (2.4 x 4.0 
x1.3) 
 
 
Sensors 
Plug-in electrochemical cells 
(H2S/CO TWIN TOX, O2); 
catalytic bead (LEL) 
Made USA 
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Figure (3:6)  Portable Gas Monitor 
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1- Audible Alarm              2- Visual Alarm Bars 
3-Sensors                           4- Pushbuttons 
5- Display                          6- Battery Holder 
7- Data logger (optional)   8- Alligator Clip 
 
 
 
3:4:3 The Procedure   
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The Methods followed while conducting this study are as the 
follows: 
I : Visiting different all factories so as to determine the confined spaces in 
each factory.   
II : Selecting suitable confined spaces to conduct the study namely: 
    a)  Steel & Rolling factory confined spaces  
b)  Paints Workshop Confined Spaces 
III : Conducting gas tests using the gas monitor, outside and inside the 
selected confined spaces.  
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4:1 Results: 
      The short-term exposure of atmospheric hazard in confined space  
for various gases over the targeted industrial areas are in listed in tables 
(4.1) ,( 4.2) and (4.3) for The  Metallic Sector (Steel &Rolling Mill 
Plant). It is important to know that tables (4.1) and (4.2) were for  tanks 
confined spaces while table (4.3) is for manhole . 
Table(4.4) and (4.5) for the Automotives Sector (Painting Workshop) The 
Results indicated in table (4.4) were conducted ten days before the data of 
table (4.5). 
 
a. Gases Detected in Metallic Sector plants (Steel &Rolling Mill 
Plant )  
 
Table(4.1) Gases detected in the small Furnace Tank 
sample CO 
PPM 
O2 % H2S 
PPM 
time 
1 6 20.9 0 1:17 pm 
2 6 20.4 0 1:20 pm 
3 8 21.9 0 1:25 pm 
4 6 20.3 0 1:27 pm 
5 7 20 0 1:30 pm 
6 8 20.1 0 1:33 pm 
7 7 20.9 0 1:37 pm 
8 7 20.4 0 1:40 pm 
9 7 20.9 0 1:44 pm 
10 7 20.4 0 1:48 pm 
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Table (4.2) Gases detected in the large Furnace Tanks  
Sample CO 
PPM 
O2  % H2S 
PPM 
Time 
1 8 19.6 0 2:00 pm 
2 8 19.9 0 2:06 pm 
3 8 20.9 0 2:11 pm 
4 7 20.8 0 2:15 pm 
5 6 20.8 0 2:20 pm 
 
 
Table  (4.3)  Gases detected in the Manholes of the Steel Plant 
Sample CO 
PPM 
O2 % H2S 
PPM 
Time 
1 6 21.4 10 2:40 pm 
2 6 21.5 9 2:43 pm 
3 6 21.5 9 2:47 pm 
4 7 21.5 9 2:50 pm 
5 6 21.9 9 2:55 pm 
 
 
 
 
 
 
 
 
   
 
 
 
73
 
Table (4.4) Gases detected in the Painting Plant 
Tank no. Tanks name CO 
PPM 
O2 % H2S 
PPM 
time 
1 Rinsing  8 21.3 0 3:23 
pm 
2 Reservoir 0 19.4 0 3:27 
pm 
3 Degreas 33 19.3 0 3:32 
pm 
4 Degreas 7 19 0 3:36 
pm 
5 Activation 7 19.3 0 3:41 
pm 
6 activation 6 19.6 0 3:46 
pm 
7 Phosphat 34 19.4 0 3:51 
pm 
8 Phosphat 35 19 0 3:54 
pm 
9 Waste 34 19.3 0 3:58 
pm 
10 Water 34 19.4 0 4:06 
pm 
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Table (4.5) Gases detected in the Painting Plant(10 days later) 
Tank no. Tank  
name 
CO 
PPM 
O2 % H2S 
PPM 
time 
1 Rinsing 8 21.5 0 12:04 
pm 
2 Reservoir 0 19.3 0 12:13 
pm 
3 Degreas 33 19 0 12:17 
pm 
4 Degreas 7 19.5 0 12:20 
pm 
5 Activation 7 19.3 0 12:30 
pm 
6 Activation 6 19.4 0 12:40 
pm 
7 Phosphat 34 19.2 0 12:55 
pm 
8 Phosphat 35 19.4 0 01:04 
pm 
9 Waste 34 19.3 0 01:14 
pm 
10 Water 34 19.4 0 01:29 
pm 
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4.2 Discussion : 
      The work activities undertaken in confined spaces are often indicative 
of the hazards which may be present .For example the use of hazardous 
substances can bring about hazards such as oxygen deficiency ,carbon 
monoxide, hydrogen sulfide  Similarly hazards may arise from work 
processes being carried out, storage of substances, process by-products or 
the effect of external environments.   
The experimental  results based on the detection of some gases 
were shown in tables(4.1) to (4.5). 
In table(4.1) for tanks containing CDU (Furnace) , the 
concentrations of detected hydrogen sulfide were still lower than the  
permissible level . This level cannot cause mild eye irritation, marked 
increase in eye, lung irritation and unconsciousness or death within 
minutes. where as  the concentration of detected Oxygen is observed that 
at a ''safe'' range expect. 
Also the concentration of detected carbon monoxide are still  lower 
the permissible level that can causes slight headache, confusion, 
unconsciousness after 30- minute exposure and fatal in less than one 
hour. 
In table (4.2) the concentration of hydrogen sulfide and carbon 
monoxide are far below the level that causes unconsciousness or death 
within minutes .In addition to that concentration of oxygen was shown to 
be at a ''safe'' range. 
In table(4.3) oxygen was observed at its ''safe'' range , the 
concentration of  hydrogen sulfide and carbon monoxide were far below 
the level that cause unconsciousness or death within minutes .For all 
these confined spaces we are not in need for permits to enter those spaces. 
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In table (4.4) The concentrations of detected hydrogen sulfide were 
still lower than the permissible level that can causes death within minutes 
and  the concentration of detected Oxygen was observed to be within the  
''safe'' range in  some sample tanks but other tanks were  not ''safe''. Were 
Tanks number (2,3,4,5,7,8,9,10) the concentration of oxygen  was found 
to be below the safe level (19.5%) and that mean a permit is needed to 
enter those confined spaces . 
in table (4.5) the concentrations of detected hydrogen sulfide were still 
lower than the permissible level that can cause death within minutes and   
the concentration of detected Oxygen is at a ''safe'' range in  some sample 
tanks and some were  not ''safe''. In Tanks number (2,3,5,6,7,8,9,10) the 
concentrations of oxygen were below safe levels and those tanks need a 
permit for their entrance , the proposed permit is shown as follows :  
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 PERMIT REQUIRED CONFINED SPACE FOR GIAD 
COMPLEX 
PERMIT-REQUIRED CONFINED SPACE 
Location of Confined Space:    _________________________________________ 
SpaceNumber:______________________________________________________ 
Purpose of Entry:   __________________________________________________ 
_____________________________________________________________________ 
_____________________________________________________________________ 
Authorized Duration of Permit: 
Date:  ____________             to_______________ 
Time: _____________            to_______________ 
Additional Permits (circle all that apply): 
Burning 
Welding 
Brazing 
Cutting 
Open Flame 
POSSIBLE HAZARDS PRESENT (circle all that apply): 
Oxygen deficiency                                            Electrical shock 
Oxygen enrichment                                           Engulfment 
Combustible dust                                              Pressurized Systems 
Materials harmful to skin                                  Flammable gases or vapors 
Toxic gases or vapors                                        Mechanical hazards 
OTHER (please describe):________________________________________________ 
_____________________________________________________________________ 
_____________________________________________________________________ 
 
HOW ARE HAZARDS BEING ELIMINATED BEFORE ENTRY (circle all that 
apply): 
Lockout/Tag out                                      Disconnecting(blanking) 
Cleaning                                                 Forced Air Ventilation 
OTHER (please 
describe):__________________________________________________ 
_____________________________________________________________________ 
_____________________________________________________________________ 
 
EMERGENCY SERVICE: 
POLICE DEPARTMENT                                TELEPHONE:_________________  
 
AUTHORIZATIONS: 
Authorized Entry 
Employees:_______________________________________________ 
_______________________________________________________________ 
Authorized 
Attendant:_____________________________________________________ 
Authorized Entry Supervisor: I certify that all required precautions have been taken 
and necessary equipment is provided for safe entry and work in the above listed 
confined space. 
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Name(print):______________ Signature: __________  Date:____________________ 
Issue Date:__________                                                                                            
Approved: _________ 
 
INITIAL GAS CHECKS -BEFORE VENTILATION IS APPLIED 
% Oxygen- Top:______ Middle: ________Bottom: _______Must 
betwee19.5%23.5% 
 
%LEL -     Top: ______Middle: ________Bottom:  _______Must be less than 10% 
 
CO ppm-   Top: ______Middle: ________ Bottom: _______Must be less than 35 ppm 
 
H2S ppm-Top: ______Middle: _________Bottom: _______Must be less than 10 ppm  
 
PERIODIC ATMOSPHERIC TEST RESULTS : 
Is forced air ventilation being applied? (circle)   YES ______NO__________ 
 
Instrument reading must be:       
 
%Oxygen between 19.5% and 23.5% 
% LEL lower than 10 % 
CO ppm lower than 35 ppm 
H2S ppm lower than 10 ppm 
 
Initial time oxygen% LEL CO ppm  H2S ppm Comments 
       
       
       
       
       
 
Issue Date:______________          Approved: ______________ 
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Conclusions : 
 
Undoubtedly , Safety and security Science is regarded among the 
most important Sciences in the industrial field ,particularly in relation to 
confined spaces areas ,its procedures of entrance  and the regulation  
followed in under taking operations inside them , with the objective of 
preventing hazards and maximizing awareness about security and safety 
among workers , engineers and all employees in the industrial sector.  
In view of toxicity concentration  , and side effects of exposure to 
hazardous  gases that are emitted from confined spaces , special measures 
have to be taken when dealing with them . Oxygen offers a good 
examples among these gases the permissible exposure rates should not 
exceed the concentration of  < 19.5% or > 23.5 %. 
The study confirmed that in the Metal sector (the Steel and Rolling 
Factory ) in Giad Complex the concentrations of target gases in the 
selected  locations  during experimental period did not exceed the 
standards established by the American   Occupational Safety and Health  
Administration (OSHA ). 
However , within the Motor sector of the  same complex (the 
Painting Factory ) the concentrations of Oxygen were below the 
permissible range . There for , it is advisable to formulate  entry permits 
for those locations and to follow procedures included in this study so as 
to guarantee the required  safety at workplace  . It is also hoped that the 
findings of the study will be put to good use.  
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Recommendations 
It is recommended that Giad complex should : 
• Post warning signs for it confined spaces and those signs should be  
written in  a simple and understandable language .      
• Develop a comprehensive safety program that clearly documents 
procedures for safe entry into confined spaces. This imply that  all 
employees who work in or around  those confined spaces should be 
aware of potential hazards, and specific procedures to be followed 
prior to entering a confined space. These procedures should 
include, but not be limited to air quality testing to determine 
adequate 02 level, ventilation of the space to remove air 
contaminants , monitoring of the space to ensure that  a safe 
oxygen level is maintained , employee training in confined space 
entry, testing, and use of personal protective equipment 
(respirators, clothing, etc.) and standby person (attendant ) outside 
the space for communication and visual monitoring.  
• Develop proper work procedures and  adequately train employees 
to maintain and repair all confined spaces at GIAD complex 
system. This training should include recognition of potential 
hazards associated with failures within those systems 
• Identify the types of confined spaces within their jurisdiction and 
develop and implement confined space entry and rescue programs. 
This mean that  Employers may be required to enter confined 
spaces to perform either non emergency tasks or emergency rescue. 
Therefore, Employers should identify the types of confined spaces 
within their jurisdiction and develop and implement confined space 
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entry and rescue programs that include written emergency rescue 
guidelines and procedures for entering confined spaces 
• Provide lifelines and harnesses, and ensure that workers wear them 
before entering confined spaces where physical hazards such as 
drowning are present. 
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Glossary 
 
 
TWA: The average concentration of a substance when 
calculated over a normal eight-hour day, for a five-day 
working week. 
STEL: The airborne concentration of a substance averaged over 
a fifteen-minute period. It should not be exceeded at any 
time or for more than four periods during a normal eight-
hour day. A minimum of sixty minutes should be allowed 
between successive exposures. 
PEAK: The maximum concentration a worker should be 
exposed.  
IDLH 
 
 
means any condition which poses an immediate threat of 
loss of life; or may result in irreversible or immediate-
severe health effects or other conditions which could 
impair 
 
PEL 
 
means an airborne chemical exposure limit established by 
Oregon OSHA which can not be exceeded without 
proper respiratory protection and the implementation of 
feasible engineering controls. 
 
 
Hazard 
 
An inherent chemical or physical characteristic that has 
the potential for causing damage to people, property, or 
the environment. 
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Hazardous 
Material 
 
In a broad sense, any substance or mixture of substances 
having properties capable of producing adverse effects of 
the health or safety of human beings. Material presenting 
dangers beyond the fire problems relating to flash point 
and boiling point. These dangers may arise from but are 
not limited to toxicity, reactivity, instability 
 
Combustible A term used to classify certain liquids that will burn on 
the basis of flash points. Both the National Fire 
Protection Association (NFPA) and the Department of 
Transportation (DOT) define "combustible liquids" as 
having a flash point of 10O0F (37.80C) or higher 
Flammability 
Limits 
 
 
 
 
The range of gas or vapor amounts in air that will burn 
or explode if a flame or other ignition source is present 
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Hot work in confined spaces 
1- General 
Special care is necessary when hot work is undertaken in confined space. 
Note: 
The term "hot work " is used in industry to describe welding , thermal or 
oxygen cutting ,heating and other fire –producing or spark producing 
operations. 
2- permits 
2-1 hot work in or on the exterior surfaces of an occupied confined space 
shall not be commenced until a hot work permit has been issued  
2-2 the hot work permit should certify that appropriate precautions have 
been carried out and should state the frequency of any tests necessary to 
ensure that safe conditions  
Are maintained . 
3-3 Aspects to be taken into account when considering the issue of a 
permit should include the following. 
(a)  When a confined space or a space adjacent there to has contained 
a flammable or combustible liquid , vapour  or gas, the permit 
shall be issued only after inspection and testing have ensured that 
the following requirements have been achieved. 
(i) The concentration of flammable vapour or gases in 
atmosphere is below 10  percent of LEL . 
(ii) The liquid and solid release of a flammable vapour or gases 
that will raise the concentrations above 10  percent of LEL . 
(iii) All piping within the confined space has been found by test 
not to contain concentration of flammable vapour or gases 
above 10  percent of LEL . 
(b)  In a confined space having last contained dry material that creates 
an explosive atmosphere when dispersed in air , the permit shall be 
   
 
 
 
86
issued only after  inspection has ensured that loose  dust has been 
removed  from the confined space and all appropriate surfaces 
have been cleaned . 
(c)  Where fixed fire –extinguishing equipment ,having either manual 
or automatic activation controls, protects the confined space , such 
equipment should be positively isolated when the space is 
occupied . it should be noted that the discharge of certain fixed 
extinguishing systems could rapidly cause the atmosphere in 
confined space to become dangerously contaminated .in such cases 
alternative fire protection should be provided in confined space be 
adequate number of the appropriate size and type of portable fire 
extinguishers . 
3- fire prevention  
The following fire preventive measures should be taken : 
(a) All combustibles , including and dry residues , in the vicinity of the 
hot work  should be removed to safe places . if they cannot be 
moved , such items should be covered be anon – combustibles 
blanket , flame- resistant tarpaulin , or other means to prevent 
ignition from heat , sparks and slag. 
(b) When hot work is involved , consideration should be given to the 
assignment of afire watch while hot work is being performed and 
for a period of at least 30 minute after completion of such hot 
work. 
(c) When welding or cutting is to be performed on a tank shell or a 
conductive boundary of a confined spaces , the same precautions 
should be exercised inside and outside the space where the hot 
work is being performed. 
Note : 
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Sparks form direct penetration or heat transfer may also create on 
explosion or fire hazard in adjacent spaces outside the confined space. 
(d) Before hot work is started on a surface covered with a preservative 
or other protective clothing ,the flammability and thermal 
decomposition products of the coating shall be considered. 
Where such a coating is flammable ,it shall be stripped from the area 
of hot work to prevent ignition . A pressurized fire hose and a suitable 
nozzle or other extinguishing equipment , or both, should available . 
(e) When arc welding is suspended for a substantial period of time , 
such as during lunch periods or overnight , the power source to the 
equipment shall be de- energized, all electrodes removed from 
holders, and the holders placed so that accidental contact or arcing 
cannot occur . 
(f) When  gas welding or cutting is suspended for a substantial period 
of time ,such as during  periods or overnight , the torch and 
cylinder valves shall be closed. Where practicable , the torch and 
hose shall be removed from and depressurized outside the confined 
spaces . 
(g)  Where practicable , no compressed gas cylinders or associated 
manifold , other than those used for self-contained breathing 
apparatus , shall be located inside the confined spaces . 
4-control of fumes   
Fumes should be controlled as follows : 
(a) Before hot work is started on a metal surface which is coated , the 
atmosphere in the confined space shall be tested to ensure that 
flammable vapours or gas from  coatings with flash point below the 
ambient temperature do not exceed 10 percent of the LEL. 
During such hot work , periodic tests should be conducted to 
ensure that these limits are not exceeded. 
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(b)  In confined space , all surfaces covered with coatings that would 
decompose under hot work into toxic , corrosive , or irritant 
components should be stripped from the area of heat application 
and for a distance of at least 150 mm  Coatings should also be 
removed for a sufficient distance from the area to be heated , in 
order to minimize the temperature increase of the unstrapped metal  
Additionally , artificial cooling of the metal surrounding the hot 
work area may be necessary to limit the size of the area that needs 
to be cleaned . 
Where such stripping is not practicable , all persons in the confined 
space shall wear suitable respiratory protective devices and other 
personal protective equipment , as appropriate . 
 
(c) Mean shall be provided to exhaust contaminated air  from the 
confined space . such exhaust should be directed to a location 
where it present no hazard to any persons or equipment and will 
not accidentally be recirculated into the confined space 
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Table (4.6) confined spaces and expected hazards 
 
Name of factory  Confined spaces  Expected hazards 
Oxygen plant Storage tank, Manholes Oxygen-deficient 
Aluminum plant Furnaces ,Manholes Oxygen-deficient 
copper plant Tanks ,Manholes  Oxygen-deficient 
Pipes complex  : 
1-longitudinal welded 
pipes plant. 
2-spiral welded pipes 
plant. 
3-electrical resistance 
welded pipes plant 
 
 
 
 
Furnaces, tanks 
Manholes 
Oxygen-deficient 
Body making 
workshop 
Manholes Oxygen-deficient 
Press workshop Manholes  Oxygen-deficient 
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